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Abstract 
Skate have been taken as by-catch in the South Georgia deepwater bottom longline 
fishery for toothfish since the fishery began in the late 1980s. However, the species 
impacted, their biology, the nature of the interaction with longlines, the impact of the 
fishery on them, and the likely methods of reducing these impacts have been little 
studied. The objectives of this study are to explore the impact of the longline fishery 
on skate populations around South Georgia and to propose methods for reducing the 
number of skate deaths. 
The study was carried out over the period 2001–2004, although data from before and 
after this time have been used in the analysis. The methodology involved observing 
the capture of skate on fishing vessels around South Georgia, a sub-Antarctic island in 
the south Atlantic; recording biological and fishery characteristics; designing field 
sampling protocols for a large group of scientific observers operating on other fishing 
vessels, undertaking taxonomic analysis and further biological analysis in shore-based 
laboratories, designing and executing a field experiment on skate discard 
survivorship; and statistical analysis of a large volume of scientific observer data. 
Three species were found to be caught on longlines. Amblyraja georgiana had a 
shallow distribution, being found predominantly between 200 and 500m, mostly on 
the continental shelf. A second species, referred to here as A. species anon, was 
clearly closely related to but significantly different from A. georgiana, having quite 
different colouration, a different clasper and pelvic structure, different length and age 
at maturity, and different bathymetric range (predominantly between 1200 and 
1600 m, on the shelf slope but with significant numbers occurring in even deeper 
waters). The third species was Bathyraja meridionalis, which occurred between 300 
and 2000 m. 
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Of the three species caught within the fishery around South Georgia, B. meridionalis 
was found to grow to the largest size and weight of the species caught, reaching 
estimated, approximate total lengths at 50% maturity of 121 cm for males and 126 cm 
for females. Of the two Amblyraja species, A. sp. anon was the larger of the two, 
reaching estimated total lengths at 50% maturity of 96 cm for males and 98 cm for 
females. Insufficient data were collected for either sex to allow for estimates of length 
at 50% maturity for A. georgiana, but a mixed-sex estimate of total length at 50% 
maturity was 82 cm. 
For the survival experiment 102 skate from the three species were opportunistically 
selected from hauled longlines and placed into specially constructed circulating 
seawater tanks on a fishing vessel for 12 hours. Skate caught at depths between 1200 
and 1300 m had an estimated 75% chance of survival, whereas the predicted survival 
possibility for skate caught at depths between 1300 and 1500 m dropped to 46%. 
Skate taken from depths greater than 1500 m were estimated to only have a 24% 
chance of recovery from capture. There was some suggestion that male skate survive 
better than females. 
Generalised linear models were constructed to examine the influence of a number of 
factors on the probability of capturing skate on a longline, and the catch rate of skate. 
Skate presence on the line and numbers caught were found to increase almost 
exponentially with depth, with no sign of either the probability of capture or the 
numbers caught falling off at depths to 1750 m. Month had a significant effect of the 
number of skate caught, with July having the highest skate catch per unit effort 
(numbers per hook) of the four month (May to August) fishing season. Soak time had 
a significant effect on the probability of skate capture which increased the longer a 
line was left on the bottom. Of the four subdivisions of the South Georgia fishery 
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examined in this study, two areas, Shag Rocks and the north-west of South Georgia 
were found to have significantly higher skate presence and skate CPUE than the other 
two areas. Catch rates were significantly elevated when squid bait were used as 
opposed to fish bait. 
A number of mitigation measures could be employed to reduce the by-catch and 
mortality of skates taken as by-catch in the longline fishery. The easiest and most 
effective method would be to set a maximum depth limit for fishing, which would 
have the effect of catching fewer skate and ensuring that more of them survived being 
returned to the sea. A further easy mechanism would be to add a second swivel at the 
hook end of the hook line, which would allow the skate to rotate freely as they are 
raised to the surface from the fishing depth of over 1000 m, so reducing injury to the 
jaw. Other potential options, such as restricting the fishery in July and avoiding the 
use of squid bait are likely to be met with less enthusiasm by the fishing industry. 
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1 Introduction 
1.1 What is all the fuss about? 
Elasmobranchs are thought to have first evolved 450 million years ago (Hoenig and 
Gruber, 1990) and there are approximately 1165 species extant today (Compagno, 
2000). In recent years there have been increasing concerns about the population status 
of many elasmobranch species (Stevens et al., 2000), because many have K-selected 
life histories, exhibiting slow growth and limited reproductive output (Compagno, 
2000) and catches are generally not well recorded (Marine Resources Service (FAO-
FIRM), 2003). The lack of reliable information on the life history characteristics of 
many species (Rodriguez-Cabello et al., 2005) further hinders a full understanding of 
the effects of exploitation on their populations, but it is generally assumed that their 
life-history strategies render them susceptible to over-exploitation at relatively low 
fishing mortality rates (Brander, 1981; Compagno, 2000; Stevens et al., 2000; 
Sariego, 2001). 
Early studies of fisheries targeting sharks observed high initial capture rates with a 
subsequent rapid decline and in some cases total collapse of the fishery (Compagno, 
2000). More recent work has shown that, with elasmobranch species generally, stock 
collapse can occur under relatively low fishing pressure (Walker, 1998) and even brief 
periods of incidental exploitation (Anderson, 1990). Rajids (skates and rays) are not 
free from these dangers and are thought to be one of the marine taxa most vulnerable 
to over-exploitation because of their generally large size, slow growth rate, late 
maturity, large birth size and low fecundity (Dulvy et al., 2000). Work by Dulvy and 
Reynolds (2002) concluded that large skates may be particularly vulnerable to local 
extinctions. Although there has not yet been a global extinction of a skate species, 
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there have been some localised extinctions or reductions in known geographical range 
(Dulvy et al., 2000). Examples include: the severe decline in several large skate 
species in the North Sea (Walker, 1998; Francis et al., 2001); the disappearance of the 
common skate (Dipturus batis) from the Irish Sea as a result of over-exploitation 
(Brander, 1981; Dulvy et al., 2000: Frisk et al., 2002); and the near extinction of the 
barndoor skate (Raja laevis) in the Northwest Atlantic (Casey and Myers, 1998). 
Furthermore, Dulvy et al. (2003) found that, of 133 marine extinctions, 80% were 
identified only by the use of indirect historical comparisons, suggesting that the 
number of past marine extinctions may have been underestimated because of low 
detection rates. This may particularly be the case where the fish is a by-catch and few 
records are kept of historical extractions (Walker et al., 2005). 
However, rajids may not be as vulnerable as some fear. The barndoor skate is one of 
the largest skate of the Northwest Atlantic and has a wide-ranging geographical 
distribution along the east coast of North America. From the 1960s to 1990s 
populations of barndoor skate declined to the extent that it had been suggested that if 
the trend continued the barndoor skate could be the first well-documented example of 
an extinction of a marine fish (Casey and Myers, 1998). However, Gedamke et al. 
(2005) report the persistence of several populations of barndoor skate and suggest that 
the species may be more resilient, with faster growth and earlier maturity, than 
previously thought. While most species would appear to have life-history 
characteristics that make them vulnerable to over-exploitation at low fishing pressure, 
often there are others present in demersal ecosystems that display more rapid growth 
and may benefit from the removal of competitors (Walker and Hislop, 1998; Casey 
and Myers, 1998: Agnew et al., 2000: Gallagher et al., 2004). 
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The potential vulnerability of many elasmobranch species to over-exploitation led to 
the development of the International Plan of Action for Conservation and 
Management of Sharks1
The international response to IPOA-SHARKS has been slow, with only 11 nation 
states having National Plans of Action (NPOAs) in place (Australia, Brazil, Gabon, 
Gambia, Guinea, Japan, Mauritania, Senegal, South Africa, Thailand, USA), two 
states having draft plans (UK and Indonesia) and one country having a plan developed 
but not implemented (Mexico) (CITES, 2004). Although the UK currently has a draft 
NPOA in place for waters around the UK, this draft NPOA does not extend to the 
waters of the British overseas territories. 
 (IPOA-SHARKS), which was adopted by the Committee for 
Fisheries at the Food and Agriculture Organisation of the United Nations (FAO) in 
February 1999 as a voluntary instrument elaborated within the framework of the Code 
of Conduct for Responsible Fisheries. The objective of IPOA-SHARKS is to ensure 
that, through management, long-term sustainable use and conservation is obtained. 
IPOA-SHARKS encourages states that contribute to the mortality of sharks to develop 
management strategies which use a precautionary approach, to ensure that sustainable 
fish stocks are maintained and conservation is achieved. 
It has been known for many years that rajids are caught as by-catch in toothfish 
fisheries (Constable et al., 2000; Blackwell and Hanchet, 2002; Ballara and 
O’Driscoll, 2005) and it became obvious from observer reports in the late 1990s that 
large numbers of skate were being caught as by-catch each year in the longline fishery 
around South Georgia (Agnew et al., 1999; Endicott et al. 2000). Skate caught within 
this fishery tend to be discarded and are not utilised as a saleable product (Endicott et 
al. 2000). Commercial longline fishing around South Georgia (Figure 1-1) began in 
                                                 
1The term ‘sharks’ is taken to include all species of shark, skates, rays and chimaeras (Class 
Chondrichthyes) 
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the late 1980s, but it was only in the mid-1990s that observers were placed on the 
fishing vessels and only from 2000 that these observers began to record skate catches 
accurately. Data are sparse, especially for the early years of the fishery. As a result, 
for much of the fishery very little was known about the species affected their biology 
and the sustainability of the by-catch. 
Although there is currently no NPOA in place for the British overseas territory of 
South Georgia and the South Sandwich Islands (SGSSI), government support led to 
the development of a skate research program, which started in 1999 (Endicott et al. 
2000). This research is directed at quantifying the interaction between the longline 
fishery and skate and developing a sustainable management plan for them. The work 
described in this thesis is a major part of the research undertaken in the skate research 
programme. 
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Figure 1-1: The Southeast Atlantic Ocean, showing the position of South Georgia 
(37° West, 54.5° South) 
 
1.2 A brief history of South Georgia 
The isolated sub-Antarctic Island of South Georgia is situated in the South Atlantic 
Ocean between 35°47′ to 38°01′ W and 53°58′ to 54°53′ S, 2150 km east of Tierra del 
Fuego, and 1370 km south east of the Falkland Islands (McIntosh and Walton, 2000). 
Captain James Cook in 1775 described South Georgia as ‘a wretched, horrid and 
savage place’ (Agnew, 2004). This was probably because South Georgia is 
mountainous, with more than half of the land covered by permanent ice, and it is, for 
its latitude, an unexpectedly cold and harsh place (McIntosh and Walton, 2000). 
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South Georgia, Shag Rocks and the South Sandwich Islands are the only above-
surface projections of the Scotia Arc, a broken, underwater ridge system, which 
extends from the tip of South America east into the South Atlantic and back to the 
Antarctic Peninsula (Agnew, 2004). It is the abundant marine life found in the 
shallower waters and shelves around these islands and on the Scotia Ridge which sets 
them apart from the surrounding deep oceanic waters and which has attracted 
fishermen and hunters from around the world. There have been a number of 
interventions by man in the marine ecosystem of South Georgia: a sealing industry 
from the late 1700s to 1965, a whaling industry until the 1960s, and intensive 
commercial fishing from the 1960s to the present. 
Sealing and whaling 
The fur seal populations around South Georgia were rapidly depleted and became 
uneconomic in the 1820s (Agnew, 2004). A partial population recovery in the latter 
part of the 19th century saw periods of sporadic fur sealing, which ended in 1908 when 
legislation was introduced by the British administration to protect fur seals and their 
breeding grounds on South Georgia and the Falkland Islands Dependencies (McIntosh 
and Walton, 2000). 
Elephant seals were exploited for oil during the 19th century. Although this 
exploitation was to a lesser degree than for the fur seals, the population still declined 
significantly. It was not until the early part of the 20th century that the population 
recovered sufficiently for fixed quota licences to be issued by the British 
administration to ensure sustainable population levels. An increase in the quota for 
bull seals in 1948 saw a destabilisation of the population, requiring the original quotas 
to be reinstated in 1952. Elephant sealing continued into the mid-1960s, when it was 
discontinued (McIntosh and Walton, 2000). 
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Although whalers operated around South Georgia during the 19th century, it was not 
until the early 20th century that large-scale whaling began. By 1925 concerns about 
over exploitation were being expressed for some whale species, particularly the 
humpback whale. Continued and uncontrolled expansion of whaling and the 
subsequent reduction in the numbers of whales brought about the formation of the 
International Committee for the Regulation of Whaling (1935), which became the 
International Whaling Commission in 1946 (McIntosh and Walton, 2000; Agnew, 
2004), but political problems and inaccurate records failed to halt whale over-
exploitation. Whaling around South Georgia finally ended in the mid-1960s. 
Commercial fishing 
A Swedish polar expedition in 1901–1903 was the first to report the possibility of 
commercial fish species Notothenia rossii (marbled rock cod) and Champsocephalus 
gunnari (mackerel icefish) (Lönnberg, 1906) in the area, but it was not until the 1960s 
that these species were exploited intensively by a Soviet fishing fleet (Agnew, 2004). 
The size of the operational fleet around South Georgia at this time is not known 
(Agnew, 2004) and catch declarations did not indicate all of the species caught 
(Everson, 1977), so the total catches of target and by-catch species will never be 
known. 
The first catch statistics that appear to be reliable indicate that very high captures were 
obtained during the early days of the marbled rock cod fishery around South Georgia 
with 400 tonnes in the 1969–1970 season (Gon and Heemstra, 1990; Kock et al., 
1985). By the early 1970s, with no regulation of the fishery, marbled rock cod 
captures declined as the stocks were depleted (Kock, 1992). The stocks have not 
recovered to date, with current populations at less than 5% of pre-exploitation 
abundance (Belchier et al., 2009). Other finfish species, including Patagonotothen 
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guntheri, Patagonotothen brevicauda, and Lepidonotothen squamifrons (Günther, 
1880), were caught until the late 1980s, when these fisheries also closed. Only the 
mackerel icefish fishery has survived as a viable commercial finfish fishery from the 
1970s to the present day (Agnew, 2004). 
Between 1969 and 1997, 58% of all the finfish catch reported to the Commission for 
the Conservation of Antarctic Marine Living Resources (CCAMLR) was fished from 
waters around South Georgia (Holt et al., 2004). This indicates the relative 
productivity of these waters compared with other areas in the Antarctic. 
Current South Georgia fisheries 
At the time of writing there were three seasonal commercial finfish fisheries operating 
in the waters around South Georgia; The pelagic fisheries for mackerel icefish 
(Champsocephalus gunnari) and krill (Euphausia superba) and the demersal longline 
fishery for Patagonian toothfish (Dissostichus eleginoides). All three fisheries are 
regulated and managed by the government of South Georgia and the South Sandwich 
Islands (GSGSSI) and CCAMLR. Although all three fisheries have by-catch, only the 
toothfish fishery captures skate. 
Patagonian toothfish fishery around South Georgia 
The Patagonian toothfish is the largest member of the Nototheniidae family 
(Evseenko et al., 1995; North, 2002), the most abundant fish group in numbers and 
biomass in the South Ocean (Xavier et al., 2002). Catch records show that toothfish 
can reach a total length of greater than 2 m, an age of 35–50 years and a weight of up 
to 95 kg (Evseenko et al., 1995; North, 2002; Xavier et al., 2002; Shaw et al., 2004). 
The Patagonian toothfish is a predatory fish living in the near bottom shelf areas of 
the sub-Antarctic ocean (Shaw et al., 2004). The distribution of this species is known 
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to be wide and far reaching, from the slope waters of Chile and Argentina (south of 
30–35° S) to the Macquarie Islands on the Indo-Pacific boundary and the sub-
Antarctic waters of the Indian and Atlantic oceans (Evseenko et al., 1995; North, 
2002). It is found both on continental shelves as juveniles and on slopes down to (and 
beyond) 2000 m (Moreno, 1991; Duhamel 1991; Evseenko et al. 1995; Agnew et al., 
1999). 
Exploratory fishing for toothfish is thought to have occurred as early as 1955 in 
Chilean waters (Moreno, 1991). However, it was not until the development of a 
deepwater longlining system that large-scale exploitation of toothfish fisheries started  
around the southern cone of South America and South Georgia (Agnew, 2000; Holt et 
al., 2004). 
Patagonian toothfish were caught as by-catch in Polish and Soviet bottom trawls on 
the South Georgia shelf in the 1970s, but it was not until the late 1980s that the Soviet 
fleet developed a targeted longline fishery for toothfish (Agnew, 2004) and was able 
to exploit the deeper waters of the shelf slope. The development of this fishing 
method meant that previously unexploited areas could be fished, tapping into a 
population of larger, mature fish (Holt et al., 2004). It also meant that a previously 
untouched ecosystem was now being fished. Previously, fisheries for rock cod and 
icefish had used bottom trawls and were restricted to about 400 m in depth on the 
shelf. Captures by Soviet longliners in the early stages of the fishery were large, 
peaking at more than 8000 t in the 1989–90 season and fishing down to at least 1700 
m. With the break-up of the Soviet Union in the early 1990s, the fishery became a 
mixed-nationality fishery, with Russian, Ukrainian and Bulgarian participation, and at 
this time Chilean boats also entered the fishery. During 1993–94 CCAMLR 
designated the South Georgia toothfish fishery an area in special need of protection 
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for toothfish (CCAMLR, 1993) and undertook experimental fishing in an attempt to 
determine toothfish stocks through generating local depletions. To monitor this 
experiment international observers were required on the four vessels conducting the 
experiments. Unfortunately the experiment failed to determine toothfish population 
densities (Parkes and Pilling, 1994; Parkes et al., 1996), but the use of observers 
proved to be very successful in providing information on the by-catch species that 
were being taken by the vessels. Since that time all vessels engaged in the toothfish 
fishery have had to have a mandatory scientific observer on board. 
A prohibition on the use of bottom trawls is currently in place around South Georgia 
(CCAMLR, 2006). Demersal longlining is the only commercial fishing method 
currently being used to catch toothfish around South Georgia, although exploratory 
trials with pot fishing are still ongoing (Agnew et al. 2001). 
Toothfish as a resource commands a high price on the world market and this has 
increased the economic value of all toothfish fisheries since initial commercial 
exploitation in the Southern Oceans started approximately 20 years ago (Appleyard et 
al., 2004; Ashford et al., 2005). The demersal toothfish longline fishery around South 
Georgia is one of the most important fisheries in the Southern Oceans, with a first-sale 
value of about £19 million in 2002 (Agnew, 2004). 
A certification by the Marine Stewardship Council for the Dissostichus eleginoides 
(Patagonian toothfish) fishery was sought by the GSGSSI in 2000 using an 
independent review body to ensure that the sustainability of the fishery was up to 
international standards and to ensure the continuing improvement of the management 
of the marine resources within the maritime zone. The certification agency, Moody 
Marine Ltd, determined that the fishery met the standards and should be certificated 
(October 2002) but it was not until 2004 that full certification was granted. Moody 
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Marine Ltd also identified several areas where improvements could be made, 
particularly in the area of fishing impact on by-catch species and the benthos (Holt et 
al., 2004). 
Ray catches were only occasionally reported from the early shallow (less than 500 m) 
trawl fishery and from the early part of the deep water (400–2000 m) toothfish 
longline fishery. Since 1995 catches in the longline fishery have been reported by 
observers – prior to this time, rajid catches were poorly recorded (Agnew et al., 
1999). With the exception of one fleet (Korea) in the mid-1990s, rays have never been 
a primary target of any fishery at South Georgia. 
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Table 1-1: a) Catches (t) of finfish and rajids in bottom and longline fisheries since 
the mid-1970s at South Georgia; b) reported longline catches of rajids by nation (t). 
Note that in (a) the total toothfish catch is comprised of reported catch and estimates 
of illegal/unreported catch from the South Georgia/Shag Rocks area; there are 
additional catches from the extreme west of Subarea 48.3 which are not considered 
part of the South Georgia stock. Source: CCAMLR 2007a (Statistical Bulletin) and 
2007b (WG-FSA report; fishery report for toothfish) 
a) 
Year Bottom trawl fish catch 
Bottom trawl 
rajid catch (t) 
Longline 
toothfish 
catch 
Longline 
rajid 
catch 
1977 13366 0   
1978 35528 4   
1979 26898 156   
1980 13404 127   
1981 15862 55   
1982 9502 1   
1983 69072 0   
1984 21486 47   
1985 586 13 517  
1986 8727 8 733  
1987 87136 0 1954  
1988 29044 0 876 1 
1989 3533 0 6963 11 
1990 113 0 6838 1 
1991   3531 4 
1992   6864 2 
1993   7039 0 
1994   5246 12 
1995   4972 90 
1996   3530 54 
1997   3808 43 
1998   3347 13 
1999   4303 19 
2000   5910 12 
2001   4232 27 
2002   5717 25 
2003   7510 38 
2004   4460 38 
2005   3062 9 
2006   3535 7 
2007   3535 4 
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b) 
Fishing 
Season ARG BGR CHL ESP GBR JPN KOR NZL RUS SUN UKR URY USA ZAF 
1988          <1     
1989          <1     
1990          <1     
1991          <1     
1992  <1 <1      <1  <1    
1993  <1 <1      <1  <1    
1994  <1 <1    11  <1      
1995 27  19    42  <1      
1996 <1  2<1    24  <1    <1  
1997   <1 2 4 <1 24        
1998   <1  <1       <1  8 
1999   <1 <1 11  5     1  <1 
2000   <1 <1 <1  <1    <1 <1  <1 
2001   <1 <1 6  6  <1  <1 <1  <1 
2002   <1 <1 <1  <1  <1   <1  <1 
2003   <1 1 5 <1 <1 <1 <1   <1  9 
2004   <1 <1 31  <1     2  <1 
2005   <1 <1 8         <1 
2006   <1 <1 3  <1 3    <1  <1 
2007   <1 <1 1  <1 2    <1  <1 
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1.3 Fisheries conservation and management for South 
Georgia 
Fisheries around South Georgia are managed by two regulatory bodies: at national 
level by the GSGSSI and internationally by CCAMLR. A formal claim to the 
sovereignty of South Georgia by the UK is contained in letters patent dated 1908, 
wherein continuous administration was undertaken as a dependency of the Falkland 
Islands until 3 October 1985, when South Georgia became the British overseas 
territory of SGSSI. Historically the UK enforced a 3-nautical mile territorial sea 
around SGSSI. The limits of the territorial sea around the islands were extended to 12 
nautical miles in 1985 in accordance with the new UN Conferences on the Law of the 
Sea (UNCLOS) 1982 agreement, and at the time most of the fishing was for finfish 
over the shelf within the 12-nautical mile zone. As the early longline fishery quickly 
developed into an unregulated fishery in deep waters beyond the 12-nautical mile 
territorial limit, it became necessary to extend the zone and declare a 200-nautical 
mile zone around the Islands in order to ensure effective enforcement by CCAMLR. 
Enforcement of this zone was immediately effective in deterring illegal fishing around 
South Georgia (Agnew and Kirkwood, 2005). 
The GSGSSI has ultimate control and responsibility for the fisheries but chooses to 
harmonise its management with that of the international body. By GSGSSI ordnance 
all vessels must be licensed by the GSGSSI to fish within the 200-nautical mile 
maritime zone and must follow the management procedures and regulations laid down 
by CCAMLR (Agnew, 2004; Palmer, 2004). This management system allows the 
GSGSSI to implement the annually reviewed scientific advice and management 
measures recommended by CCAMLR for the fisheries around South Georgia and to 
ensure that the management regime is harmonised with that of other Antarctic 
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fisheries. Because the UK is the formal Party to the Convention, it is the Polar 
Regions section of Overseas Territories, Foreign and Commonwealth Office of the 
UK that represents all UK interests, including those of the GSGSSI. 
CCAMLR has no direct control over the licensing of vessels fishing within the SGSSI 
maritime zone, but all CCAMLR parties must license their flagged vessels to fish in 
CCAMLR waters and in doing so must undertake to abide by the conservation 
measures in force in that sub-area (South Georgia is in CCAMLR sub-area 48.3). As 
part of this responsibility, catch data must be transmitted by the fishing vessel to 
CCAMLR via the flag state every five days, and vessels within the toothfish fishery 
must carry an international observer to collect scientific data on the fishery. Since 
2001 the CCAMLR decision on a total allowable catch (TAC) for toothfish has been 
implemented by the GSGSSI through non-transferable quotas which are allocated by 
the GSGSSI to the vessels licensed to fish within the fishery. The licence fees 
collected from vessels fishing within the SGSSI maritime zone support the costs of 
administration, surveillance, monitoring and analysis of data from the fishery (Palmer, 
2004). Current conservation measures for fisheries around South Georgia include 
setting annual TACs for the targeted species and a combination of by-catch catch 
limits, move-on rules and technical measures designed to limit the impact of the 
fishery on by-catch species. 
The GSGSSI has a number of objectives for fisheries management. The most relevant 
are: 
• To conserve, as far as practical, the indigenous flora and fauna, ecological 
associations and natural environment of South Georgia. 
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• To manage fishing activities in the Maritime Zone in a sustainable manner so 
that they do not cause deleterious impacts on the marine environment, its 
biota and dependent species; and to ensure that obligations to and the 
requirements of CCAMLR are met. 
• To encourage high-quality research, compatible with environmental 
considerations, that examines the unique features of South Georgia and is 
considered essential to improving the understanding of the marine and 
terrestrial environment, and particularly cases where the results will 
contribute directly to the effectiveness of the protection and management of 
South Georgia (Agnew, 2004). 
 
CCAMLR came into force in 1982 (Edwards and Heap 1981; Agnew, 2004). This 
initiative was in response to ever-increasing concerns that escalating krill captures in 
the Southern Ocean could have serious implications not only for the krill populations 
but for marine life generally, particularly those animals dependent on krill as a food 
source. 
The convention covers all marine living resources south of the Antarctic 
Convergence, with the exception of seals and whales. Seals and whales are covered by 
the conventions for the Conservation of Antarctic Seals and the International 
Convention for Regulation of Whaling. CCAMLR’s objectives are set out in Article II 
of the ‘Text of the Convention on the Conservation of Antarctic Marine Living 
Resources’: 
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ARTICLE II 
1. The objective of this Convention is the conservation of Antarctic 
marine living resources. 
2. For the purposes of this Convention, the term ‘conservation’ includes 
rational use. 
3. Any harvesting and associated activities in the area to which this 
Convention applies shall be conducted in accordance with the 
provisions of this Convention and with the following principles of 
conservation: 
(a) prevention of decrease in the size of any harvested population to 
levels below those which ensure its stable recruitment. For this 
purpose its size should not be allowed to fall below a level close to 
that which ensures the greatest net annual increment; 
(b) maintenance of the ecological relationships between harvested, 
dependent and related populations of Antarctic marine living 
resources and the restoration of depleted populations to the levels 
defined in sub-paragraph (a) above; and 
(c) prevention of changes or minimisation of the risk of changes in the 
marine ecosystem which are not potentially reversible over two or 
three decades, taking into account the state of available knowledge 
of the direct and indirect impact of harvesting, the effect of the 
introduction of alien species, the effects of associated activities on 
the marine ecosystem and of the effects of environmental changes, 
with the aim of making possible the sustained conservation of 
Antarctic marine living resources. 
 
CCAMLR is not only concerned with fisheries regulation, it also strives to implement 
a holistic or ‘ecosystem approach’ to the management of marine living resources in 
the Southern Ocean. Such an approach views the entire Southern Ocean as a suite of 
interlinked ecological systems, and this is what distinguishes CCAMLR from other 
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multilateral fisheries conventions. CCAMLR and GSGSSI objectives are both, 
therefore, concerned primarily with the maintenance and conservation of the South 
Georgia ecosystem while allowing rational, sustainable management of fisheries. 
Management regulation relevant to rays 
It is likely that rays have been caught incidentally on longlines in South Georgia since 
the beginning of the toothfish fishery. Until 1996 CCAMLR did not devote any 
attention to rays, and indeed had little knowledge of the size of the ray catch, because 
the only consistent reports were from vessels that retained them – such as Korea – all 
other rays being discarded and only inconsistently reported from the fishery (Agnew 
et al., 1999). 
Interest grew from 1996 onwards with the initiation of the scientific observer 
programme, and the UK embarked on a rajid research programme at South Georgia in 
2000. This research was largely carried out by the author and is reported here, but it 
was also reported to CCAMLR and was instrumental in getting specific regulations 
developed for rays. 
From the 2001–02 fishing season, a precautionary catch limit was applied for Subarea 
48.3, set at 5% of the TAC for toothfish, accompanied by a move-on rule. This catch 
level was not estimated from an assessment, but rather from historical catch rates, and 
it was consistent with precautionary TACs being applied in other areas of CCAMLR. 
In 2002 the CCAMLR Fish Stock Assessment group (FSA) recommended that rays 
should be cut off from longlines wherever possible (CCAMLR, 2002, FSA para. 
5.192) and this was made mandatory in South Georgia by the UK from 2004 after a 
trial year (2002–2003). Progress towards developing a ray assessment has been slow 
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and hampered by the problems of species identification and understanding the 
mortality rate of rays. 
The problem of ray management is not limited to Subarea 48.3 and is an issue of 
particular focus for CCAMLR in the Ross Sea fishery. CCAMLR provisionally 
identified 2009 as a year for intensive research activity, involving attempts to develop 
mark-recapture estimates of ray populations. At South Georgia a rajid tagging 
programme has been in place since 2003, again initiated by the author on a research 
survey. Results from this program are briefly examined in Chapter 3. 
1.4 Longlining 
Longlining is one of the most widespread traditional fishing methods currently in use 
around the world (Bjordal and Løkkenborg, 1996). It is a passive form of fishing: the 
fish come to the gear and not the gear to the fish as with a trawl (King, 1995; Bjordal 
and Løkkenborg, 1996). This type of fishing is dependent on the use of an attractant 
(bait), which not only brings the fish to the gear, but must also stimulate the fish to 
ingest the baited hook (Bjordal and Løkkenborg, 1996). 
With increasing pressure on fisheries authorities to implement conservation-orientated 
management strategies, the use of longlines is being encouraged over other fishing 
methods such as trawling. Longlines are thought to cause relatively little damage to 
benthic habitat. Most analyses assume that there is either very little impact or no 
impact but quantitative studies of fixed-gear effects have not been undertaken in the 
deep sea to date. Longlines also generally have quite a precise selectivity of fish by 
size, often meaning that undersized and very large fish have lower selectivity (Bjordal 
and Løkkenborg, 1996; Løkkenborg and Pina, 1997). The advantages to the fishermen 
themselves using longlines are low fuel consumption (Løkkenborg and Pina, 1997) 
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and access to deep and difficult fishing grounds (Holt et al., 2004) as longlines can be 
set on almost all seabed types. 
As in any fishery the fisherman’s knowledge of the target species plays an integral 
part on how the fishermen set up the gear, select the bait and implement their fishing 
strategies (Løkkenborg and Pina, 1997). There are three main settings for longlines: 
pelagic, semi-pelagic and demersal. 
 
• Pelagic longlines are free-floating lines, marked by buoys at each end, which 
drift freely in open water, usually on the high seas. This method is commonly 
used to target pelagic species such as sharks (Walker et al., 2005), marlin 
(Ortiz and Scott, 2001), tuna (Francis et al., 2001) and swordfish (Bjordal, and 
Løkkenborg, 1996). 
• Semi-pelagic longlines incorporate both bottom and pelagic elements along 
the set line. This method is used to target fish species that have a wide depth 
distribution within the water column, such as hake (Santos et al., 2002; Bentes 
et al., 2003), cod, haddock and pollock (Bjordal and Løkkenborg, 1996). 
• Demersal longlines are the most commonly used system, traditionally 
targeting bottom-dwelling species such as sablefish, halibut and pacific cod 
(Melvin et al., 2001). The development of major demersal longline fisheries in 
the Southern Oceans began with the fishery for Patagonian toothfish in the 
1980s which rapidly expanded throughout the South Atlantic to many sub-
Antarctic Islands (Tuck et al., 2003). The longlines are set on the sea bed, with 
anchors at each end to secure a static line and surface buoys to mark the ends 
of the line. These longlines, although normally set at depths between 100 and 
  
 43 
800 m, can be set at depths greater than 2000 m (Bjordal and Løkkenborg, 
1996). However, there are technical limitations to fishing at great depth, 
particularly the time taken to haul the line, increased drag and the risk of 
breakages. 
 
Although longlining is regarded as a relatively selective form of fishing, captures of 
unwanted or non-commercial species are inevitable. The type and size of hooks used 
not only influences the size of the target fish caught but also the species (Bjordal and 
Løkkenborg, 1996; NMFS, 1999). However, the type of bait used has the most 
influence on species selection in longlining (Bjordal and Løkkenborg, 1996). Skate 
by-catch is common in both trawl and longline fisheries in the Arctic (Dolgov et al., 
2005), Atlantic (Coelho et al., 2002, 2005; Cramer, 2003; Clark et al., 2005), Pacific 
(Pacific Island Region final by-catch plan FY04-FY05: NMFS, 2004; Gordon, 1999; 
Endicott et al., 2000; Francis and Smith, 2002). Skate captures as by-catch within 
longline fisheries in the Antarctic are well documented (Constable et al., 2000; 
Blackwell and Hanchet, 2002; Ballara and O’Driscoll, 2005). 
Longlining around South Georgia 
Two longline systems are used in the fishery around South Georgia; the more 
traditional double Spanish (Figure 1-2) and the autoline or Mustad system (Figure 1-
3). Both systems rely on the hooks lying on or near the sea floor for a period of 
several hours (soak time) before being hauled to the surface. The soak time varies 
depending on the fishing strategy, weather conditions and mammal interactions.2
 
 
                                                 
2 Interaction of mammals with a set longline is often considered to be detrimental to catch and can 
either increase or decrease the normal soak period. 
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Figure 1-2: A generalised diagrammatic representations of a double Spanish longline 
used in the toothfish longline fishery around South Georgia 
 
The double Spanish method uses two lines, a strong mainline joined by railing lines to 
the fishing line. Hooks are attached to lengths of monofilament line 2–3 m long, each 
referred to as the snood, which in turn are attached to the fishing line. The advantage 
of this system is the direct control of baiting and setting the line. When the fishing line 
breaks, the main line can be used to haul the line. The disadvantages of the system are 
that it is labour intensive, needing a large crew of 30 to 40 for vessel operation, with 
the almost continuous task of baiting of hooks by hand and setting the line. Line 
setting is dangerous, as the fishing line is man-handled when set. Although this is 
currently the most commonly used system within the fishery, there is increasing 
interest by fishing companies in the autoline system. 
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Figure 1-3: A generalised diagrammatic representations of an autoline longline used 
in the toothfish longline fishery around South Georgia 
 
The autoline system, unlike the Spanish double-line system, has only one line to 
which the snoods are attached. The main advantage of the autoline system over the 
Spanish double system is that a large crew is not needed because the hooks are baited 
and paid out by a machine. The reduced handling results in safer working conditions 
for the crew. However, the costs of equipping an autoliner are far greater than those 
for a vessel operating the Spanish double-line system. 
By-catch in the South Georgia longline fishery is varied, from benthic organisms such 
as coral, echinoderms, holothurians and crustaceans to large pelagic organisms such 
as the giant squid, Mesonychoteuthis hamiltoni (personal communication, James Clark 
observer coordinator; Marine Resource Assessment Group). However, the most 
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common by-catch species in the fishery are grenadiers (rat-tails, several species), blue 
hake (Antimora rostrata) and skate (Agnew, 2004). 
1.5 Systematics and body form 
Skate or ray? 
In the Northeast Atlantic (European) the genus Raja is usually referred to as skates 
and rays, by both fishermen and researchers alike. The larger, longer-nosed rajids are 
known as ‘skates’ (e.g. the common skate, Raja batis), whereas the smaller, shorter-
nosed species are known as ‘rays’ (e.g. the spotted ray, R. montagui or the thornback 
ray R. clavata). In the Northwest Atlantic (USA) all rajids are referred to as skates, 
with the term ‘ray’ being used to describe other batoids (Walker, 1998; Gallagher, 
2000). Throughout this study the North American usage of ‘skate’ will be adopted for 
all rajids. 
What exactly is a skate? 
Today’s elasmobranchs are only a small surviving part of what was once a vast 
radiation of adaptive cartilaginous fishes (more than 3000 extinct species), class 
Chondrichthyes (Compagno, 1999). Fossil records of chondrichthyans date back to 
the Late Ordovician period, about 455 million years ago (Miller et al., 2003). 
Elasmobranchs (sharks and rays), with an estimated 929 to 1164 species, represent 
approximately 96% of all living Chondrichthyes, with Chimaeras representing the 
remaining 4% (Compagno, 1999). The term ‘elasmobranch’ is derived from the Greek 
elasmos (meaning ‘plate’) and branchios (meaning ‘gill’). In living elasmobranchs, 
this refers to the five to seven gill slits, the plate-like interbranchial septa and the 
holobranchs of these fish (Compagno, 1999). Living elasmobranchs and their 
immediate fossil relatives form part of a sub-group of Euselachii (true sharks), which 
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developed from a radiation of cartilaginous fishes in the Devonian period (Compagno, 
1999). 
Skates are members of the class Chondrichthyes, order Rajiformes and family Rajidae 
(Ishiyama, 1958; McEachran and Dunn, 1998; Walker, 1998; Martin, 2005). Rajidae 
have the greatest diversity of all living cartilaginous fishes (Hulley, 1972; McEachran 
and Dunn, 1998; Tinti et al., 2003; Scenna et al., 2006). The number of named skate 
species is currently in the region of 228. Together with about 50 unnamed species, 
this is about 25% of all living chondrichthyan species (Nelson, 1994; McEachran and 
Dunn, 1998; Valsecchi et al., 2005a). Although skate have high species diversity, they 
are not morphologically diverse, as shown by both present and fossil species (Capetta, 
1987; Valsecchi et al., 2005b); also skate have all remained within a marine benthic 
habitat (with the exception of one estuarine species) (Last et al., 2002) and not 
radiated out into pelagic marine or fresh waters like the other major clade of batoids, 
the Myliobatiformes (stingrays) (McEachran and Dunn, 1998). Because of the 
conservatism found in their morphological, ecological and reproductive traits, there 
are difficulties in determining the taxonomic status and phylogenetic relationships 
within the family Rajidae (Valsecchi et al., 2005b). 
Fossil records indicate that skate were present in the late Cretaceous (Berg, 1958; 
Long, 1994), when adaptive radiation appears to have occurred (Valsecchi et al., 
2005b?), although the place of origin is not clear. McEachran and Miyake (1990) have 
theorised that skate evolved in the Pacific, and Stehmann (1986) has proposed that 
Bathyraja and Dipturus (a Raja subgenus) evolved in the Jurassic period from a 
rhinobatid ancestor; however, neither of these theories is supported by paleontological 
findings (Long, 1994). Long (1994) advocates that a revised skate dispersal scenario, 
based on fossil findings, indicates that skate evolved in the north boreal seas of 
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Western Europe and Western Tethys3
Body form and physiological details 
 during the late Cretaceous and Early 
Palaeogene. Long (1994) has further theorised that skate dispersed into the Antarctic 
during the early to middle Eocene, along the continental fringes of the western 
Atlantic Ocean. 
The body form of skate (Figure 1-4) differs from that of their close relatives, the 
sharks, in having a far more pronounced, dorsoventrally depressed head and body, 
ventrally lying gills and pectoral fins which are fused to both the head and trunk, from 
the snout region to pelvic insertion (Stehmann and Burkel, 1990; Compagno, 1999), 
forming a sub-rhomboidal to round disc (Hulley, 1970, 1972; Stehmann and Burkel, 
1990), although embryonic skate are more shark-like than batoid, with slender bodies 
and underdeveloped pectoral and pelvic fins (Bigelow and Schroeder, 1957). This 
means that in skate the trunk and tail have been replaced as functioning locomotory 
organs by the enlarged pectoral disc; the only exceptions to this are the sharkfin 
guitarfishes (Rhinidae) and sawfishes (Pristidae) (Compagno, 1999). 
In skate the tail is distinct from the disc (Stehmann and Burkel, 1990), is moderately 
slender in form and, although not whip-like, usually tapers gradually to the tip 
(Hulley, 1970; Stehmann and Burkel, 1990). The caudal fin of the tail is so atrophied 
(reduced to membranous folds) (Hulley, 1970) that it may only act as a rudder, and 
not the powerful propelling organ as seen in sharks (Ishiyama, 1958). Normally two 
small dorsal fins are present on the terminal half of the tail, well back from the pelvic 
fins (Ishiyama, 1958; Compagno, 1999). These fins are flexible and are rounded-
                                                 
3 Tethys Oceans existed during the Mesozoic period, between the continents of Gondwanaland and 
Laurasia, before the opening of the Indian Ocean. 
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angular in shape. There is no sting or poisonous barb on the tail as with 
Myliobatiformes (Stingrays) (Compagno, 1999). 
The snout of skate is internally supported by a skeletal cartilage (the rostrum), though 
the degree of support varies between species. Soft-nose skate, Genus Bathyraja, have 
a less robust rostral cartilage, making it more flexible and delicate than the robust 
rostral cartilage of the hard-nose skates, Genus Raja (Figure 1-5) (Hulley 1970, 1972; 
Stehmann, 1970; Stehmann and Burkel, 1990). 
The transverse mouth is on the ventral side, with tessellate rows of oral teeth, which 
form a continuous pavement along the edges of both the upper and lower jaws. These 
bands of teeth extend from inside the mouth to their junction with the outer skin of the 
lips, where they are continuously lost due to wear and tear of feeding (Stehmann and 
Burkel, 1990; Long, 1994; Compagno, 1999). Skate teeth tend to be small, obtuse to 
pointed in shape, with sexual dimorphism occurring in some species (Stehmann and 
Burkel, 1990). 
Generally most of the external surface of a skate is covered in dermal denticles 
(placoid scales), as with sharks; though in skate this covering is never complete 
(Stehmann and Burkel, 1990), with some species being almost naked on one or both 
surfaces (Compagno, 1999). Because of the similarity in matrix composition of 
dermal denticles and teeth, dermal denticles are regarded as odontogenic structures 
(Miyake et al., 1999). Dermal denticles are mostly small (usually less than 2 mm in 
length) (Compagno, 1999), although in skate impressive arrays of larger dermal 
denticles (spines or thorns) are found (Miyake et al., 1999). These are generally seen 
as at least a medial line of enlarged thorns extending down the back and tail to the 
first dorsal fin and progressively reducing in size (Stehmann and Burkel, 1990; 
Compagno, 1999). Sexual dimorphic formations of dermal denticles are also seen in 
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adult male skate on the outer edge of the pectoral fins (dorsal surface), in the form of 
malar and hook-like alar thorns (Stehmann and Burkel, 1990; Compagno, 1999; 
Miyake et al., 1999). 
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Figure 1-4: Generalised representation of a skate form, naming common features, 
dorsally and ventrally 
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Figure 1-5: Representations of rostral cartilage process, and degree of forward 
extension of the anterior radials of the pectoral fins along the snout within the Genus 
Raja, the hard-nosed skate (A) and Bathyraja, the soft-nosed skate (B) 
 
In life, the colouration and patterning on the dorsal and ventral surfaces of skate are 
extremely variable, with the base colours of both surfaces varying from all shades of 
grey/black/ brown to white while some species are bluish/violet or reddish. The 
variation in pattern is greatest on the dorsal surface, with the ventral side of the skate 
usually more uniform in both colour and pattern than the upper surface, while most 
shallow-water species are white ventrally (Stehmann and Burkel, 1990). 
1.6 Aims and objectives of the research 
The objectives of this study are to explore the impact of the longline fishery on skate 
populations around South Georgia and to propose methods for reducing the number of 
skate deaths. 
Longline fishing is seen to be relatively non-destructive to the habitats in which it is 
used when compared with other fishing methods such as trawling, where large tracts 
of benthos are destroyed. It is therefore likely that the major cause of impacts on skate 
populations is skate mortality associated with direct capture during longline fishing 
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rather than habitat degradation. The focus of the research for this project will 
therefore be the mortality rates associated with the direct capture of skate in the 
longline fishery and the identification of methods of fishing that minimise the number 
of deaths resulting from incidental captures, either by reducing the number of captures 
or by increasing the survival potential of the discards. 
During the early development of this research it became apparent that to accurately 
estimate the capture and mortality rates of skate, details of the species caught and their 
life histories and distribution (spatial and temporal) needed further investigation. 
Therefore this thesis is constructed around several major research objectives: 
• Chapter 2 establishes the methodology and procedures of data collection and 
the data collection time line. The chapter also examines the differences 
between two similar forms of skate which are commonly caught within the 
fishery to establish whether these are two separate species. 
• Chapter 3 examines the general biology of each species and their distribution. 
• Chapter 4 examines the mortality of skate, captured and released within the 
fishery. 
• Chapter 5 Uses catch data from 2001 to 2004 to examine the factors affecting 
skate capture within the toothfish longline fishery around South Georgia  
• Chapter 6 summarises the findings of this research and   draws conclusions 
about feasible ways to reduce skate mortality within this fishery. 
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2 The Skate Fauna of South Georgia 
2.1 Introduction 
Even in extensively researched seas such as the north-eastern Atlantic and the 
Mediterranean, where skate are of economic importance, it is often the case that skate 
species have been little studied, especially those found in deeper waters (Walker, 
1998). This was even more the case at South Georgia, because, until the advent of the 
longline fishery, most research had been carried out with trawls in relatively shallow 
continental shelf waters and because skate captures within the longline fishery are 
incidental, with most skate being discarded and not recorded (Everson et al., 1999). 
Clearly, any management directed at skates must first establish which species, 
populations and stocks are affected. This chapter seeks to do that, describing the skate 
species present at South Georgia and caught on longlines. Preliminary work in 2000, 
which is described in detail below, established that there were two similar variants of 
a species tentatively identified as Amblyraja georgiana (Endicott et al., 2000). These 
variants occur at different depths, with barely overlapping distributions. Much of this 
chapter is given over to a detailed analysis of these two variants to establish whether 
they are likely to be separate species, sub-species or populations and thus warrant 
separate treatment in management. The other skate species affected by the fishery are 
also described. 
2.2 Historical records of skate species around South 
Georgia 
Records from fishing zones within Antarctic waters show that skate are frequently 
caught as by-catch in longline fisheries (CCAMLR, 1998; CCAMLR, 1999; Agnew et 
al., 1999; Smith, 1999; Endicott et al., 2000; Everson et al., 2000; Hanchet and Horn, 
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2000; McIntosh and Walton, 2000; Agnew, 2004; Ballara and O’Driscoll, 2005; 
O’Driscoll et al., 2005; Francis, 2006). At the time of starting this research, only two 
species had been reported from South Georgia, Raja georgiana and Bathyraja 
meridionalis. 
Although there is currently no commercial demersal trawl fishing around South 
Georgia, from 1961 until the mid-1980s, when a targeted longline fishery for toothfish 
was developed (Tuck et al., 2003; Agnew, 2004), demersal trawling was the preferred 
fishing method employed to catch fin fish around South Georgia (Kock, 1989). 
Records of intensive fishing from this period indicate that catch declarations do not 
specify all of the species caught (Everson, 1977); however, recent demersal trawl 
surveys in Subarea 48.3 have recorded skate within the catch (Everson et al., 2000; 
Everson et al., 2002). Recent surveys have recorded A. georgiana as common in 
places on the Patagonian shelf, so it is reasonable to conclude that the ‘other species’ 
often referred to in historical catch statistics included one or more skate species. 
The first detailed examination of the ray by-catch in the longline fishery was in 1999. 
Observers were provided with a number of different species' descriptions and keys for 
species that might have been expected to be present at South Georgia, including the 
two species previously described from the area (A. georgiana Norman, 1938 and B. 
meridionalis Stehmann, 1987) and skate caught on the shelf. This study reported four 
species of skate, A. georgiana, A. taaf, B. meridionalis, and B. griseocauda (Agnew et 
al. 1999). The other two skate species (A. taaf and B. griseocauda) reported by this 
study had not previously been recorded from the area, although B. griseocauda is 
common around the Falkland Islands. Agnew et al. (1999) indicated that confirmation 
of these species was needed before confidence could be placed in the accuracy of the 
data. 
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During the 2000 toothfish season the author undertook a detailed study and reported 
that the skate by-catch from one longline vessel included two of the previously 
recorded species, A. georgiana and B. meridionalis (Endicott et al., 2000). However, 
the most numerous skate type caught during the season could not be identified to 
species level and was referred to as Raja species 1. This had not been separated from 
A. georgiana by observers in 1999. This chapter presents an examination of the 
similarity of these two variants and a discussion of how they should be treated in 
management. 
2.3 Materials and methods 
Field data and specimens were collected primarily between 2000 and 2002. The 
collection of detailed biological data on skates then became a routine task for 
observers. Whilst these later data are used in this research, they do not form the focus 
of this chapter, which concentrates on the investigations conducted on longliners in 
2000 and 2001, and on the South Georgia survey in 2002. 
The timeline of biological data collection 
The protocols for biological data collection for the skate caught in the South Georgia 
longline fishery were established by the author over a two-year period, 2000–2001 
(Figure 2-1). After these standardised protocols had been tested in 2001, they were 
implemented at the beginning of the 2002 fishing season as part of the scientific 
observer programme on commercial longline fishing vessels. These protocols were 
also used on two groundfish survey cruises around South Georgia (2002 and 2003). 
This chapter uses only data collected from the longline fishery during 2000 and 2001 
and data from the January 2002 groundfish survey to examine the possible speciation 
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of the two types of A. georgiana. Data collected from 2002 according to the author’s 
protocols are analysed in later chapters (Figure 2-1). 
 
 
Figure 2-1: Timeline of biological data collection 
 
Biological data collection on longliners 
Preliminary data collection was carried out by the author on board the longline fishing 
vessel Ibsa Quinto over a two-month period during the 2000 longline fishing season. 
During this time data were collected on a total of 339 skate. At the time, most vessels 
discarded skate prior to bringing them on board by knocking the fish off the line or by 
cutting the snood from which they were hanging. However, throughout this trip, at the 
author’s request, all skate were brought on board and retained, which allowed a 
comprehensive and representative data set to be collected. 
Further data were collected by the author over a four-month period during the 2001 
season on board the longline fishing vessel Viking Bay. During this time data were 
collected for 161 skate. Again, all skate caught were retained for analysis. In order to 
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provide a large number of samples for detailed analysis in the laboratory, observers on 
eight other longline vessels collected and froze whole skate specimens under the 
author’s direction. 
It became apparent in the early stages of data collection that there was very little 
workspace available for the examination and storage of skate samples because of the 
extremely small size of the factory area of the vessel, so it was decided to adopt two 
procedures for data collection. The first procedure was for detailed examinations of 
skate specimens to be used when space was available within the factory area (Table 2-
1). The second procedure was used when production within the factory was in full 
swing and it was necessary to process and remove the skate specimens from the 
factory area quickly (Table 2-2). 
Morphometric measurements were based on papers by: Ishiyama (1958), Hubbs and 
Ishiyama (1968), Hulley (1970), Stehmann (1970), Hulley (1972), and Stehmann and 
Burkel (1990), with all measurements made to the nearest half-centimetre (Figure 2-
2). Minor adaptations were made to some of the morphometric measurements; for 
example, tail length was measured from the tip of the tail to the first haemal arch, 
rather than to the anus as used by Hulley (1970) and Stehmann and Burkel (1990). In 
rajids the anus is a non-fixed, moveable, fleshy structure which, when used as a point 
of measurement, can introduce errors into the recorded tail length of several 
centimetres. 
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Table 2-1: Procedure 1: Detailed procedure for the biological examination of skate 
caught around South Georgia 
1.  Haul number: Take from the captain’s log. 
2.  Average depth of haul: Calculate from the haul depths recorded in the 
captain’s log 
3.  Position of haul: Take from the captain’s log. Record latitude and 
longitude recorded as degrees, minutes and seconds. 
4.  Individual sample number: A consecutive number starting at 1, 
assigned to each skate specimen when examined. 
5.  Species/genus identification: Where a clear identification of skate 
species can be made, use CCAMLR species codes: B. meridionalis, BYE, A. 
georgiana, SRR, unknown Bathyraja species, BAT, unknown rajid species, 
SRX. 
6.  Sex: Males have claspers and females do not. 
7.  Total length (TL): Place the skate ventral surface down (VSD) on a 
measuring board and measure from the tip of the rostrum to the tip of the tail. 
8.  Disc width (DW): VSD, measure at the widest point across the 
splayed-out disc. 
9.  Disc length (DL): VSD, measure from the tip of the rostrum to the 
furthest point of the posterior edge (trailing edge) of the pectoral fin. This is 
done by placing a straight edge across the body and trailing edges of both 
pectoral fins and measuring back to tip of the snout. 
10.  Pre-orbital snout length: Measure by placing a straight edge across the 
front of the eye orbits and measure back to the tip of the snout (rostrum). 
11.  Eye distance: Measure the narrowest distance between the eye orbits 
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12.  Pre-oral snout length: Measure from the tip of the snout to the 
transverse middle of the mouth. 
13.  Snout flexible: Examine whether the rostrum or snout of the skate is 
flexible (floppy) or rigid 
14.  Mouth width: Measure at the widest point transversal across the mouth 
of the skate. This usually found to be just under or on the nasal curtain line. 
15.  Teeth count: Dorsal surface down (DSD), count the total number of 
teeth rows in both the upper and lower jaw, making notes of damage to the jaw 
and/or missing teeth. 
16.  Clasper length (CL) (males): DSD, measure the claspers (male sexual 
organs) from the first haemal arch (origin of the tail) to the tip of the claspers, 
measured along the clasper. To locate the first haemal arch, run a finger along 
the ventral side of the tail towards the body of the skate, until a pronounced 
bump in the vertebral column is felt (normally just behind the anus), this is the 
first haemal arch. 
17.  Tail length (TL): DSD, measure from the first haemal arch to the tip of 
the tail, making note of any damage to the tail, e.g. missing tip. 
18.  Whole weight (W): Weigh freshly caught skate in kilograms, record to 
the nearest 0.5 kg using a 0- to 20-kg spring balance (note: take care to reduce 
the effects of the vessel’s motion by taking readings at the top or bottom of the 
ship’s vertical motion). When working in the laboratory or when using 
motion-compensated scales, record weight in grams. 
19.  Spination: Record the following detail: a) the presence of rostral 
thornlets, b) the number of pre- and post-orbital thorn pairs around the eye 
socket, c) the number of spiracular thorns (the thorns above or around the 
spiracle, the water intake hole), d) the number of nuchal thorns found along 
the midline of the dorsal surface (directly behind the skull, up to and including 
the scapulars, but not behind them), e) the number of scapular thorns found on 
the left and right scapulars, f) the number of median row thorns running along 
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the midline of the dorsal surface from behind the scapulars to the first dorsal 
fin, g) the number of thornlets found between the first and second dorsal fins, 
h) whether the first and second dorsal fins are joined, i) the presence of 
parallel rows of thorns on either side of the median row thorns, j) the number 
of thorns of Alar on the left and right pectoral fins of adult males (note scars if 
no thorns present). 
20.  Maturity: In males both the claspers and internal sexual organs can be 
used to gauge maturity (Table 2-3); in females only an internal examination of 
the reproductive tract can indicate the degree of maturity (Table 2-4). To open 
the stomach cavity, lay the specimen on its dorsal surface and cut around the 
edge of the stomach cavity to remove the ventral dermal surface of the 
stomach. Lift the stomach and digestive tract to one side to examine the 
gametes and reproductive tract, which lie against the back of the stomach 
cavity under the livers. 
21.  Stomach contents: With the stomach cavity open, examine the 
digestive tract, and note stomach contents when present. 
22.  Thorn collection: Remove five or six median row thorns from directly 
behind the first haemal arch of the tail. This is done by cutting down to the 
vertebral column in front of the first thorn to be removed, turning the blade 
parallel to the vertebrae column and then cutting under the thorns to be 
removed. This will remove all the thorns in one strip, ready for freezing. 
23.  Vertebral sections: Remove five to eight vertebrae from the scapular 
region. To ensure standardisation of sample collection, make the first cut 
across the back of the skull (this position is found by pushing the front of the 
skull down, thus making the back of the skull lift). Then cut along each side of 
the vertebral column towards the tail for approximately 28 cm. At this point a 
second cut across and through the vertebral column allows the removal of the 
vertebral section ready for freezing. This method ensures the collection of the 
origin of the vertebral section and the largest vertebral sections from the 
vertebral column, thus standardising samples. 
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24.  Take photographs for future identification confirmation and observed 
haul damage. Where possible make a photographic record of each skate, 
showing ventral and dorsal surfaces, gametes, stomach contents (if any) and 
any visible damage that could be attributed to capture and hauling. Where 
photography is not possible, make notes on the colouration of both the dorsal 
and the ventral surfaces of the skate were made (for example: ‘Dorsal surface 
covered in a honeycombed pattern, dark brown-black with a ventral surface 
colouration predominantly white with dark grey-black markings on the distal 
edge of the pectoral fins’). 
 
Table 2-2: Procedure 2: Short-form procedure for the rapid examination of skate 
caught around South Georgia – practical details as for Procedure 1 
1.  Haul number 
2.  Average depth 
3.  Position 
4.  Individual sample number 
5.  Species/Genus 
6.  Sex 
7.  Total length 
8.  Disc width 
9.  Clasper length 
10.  Tail length 
11.  Weight 
12.  Spination 
13.  Maturity 
14.  Vertebral and thorn sections 
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Figure 2-2: Scheme of general measurements and technical terms for skate. A, total 
length; B, disc length; C, pre-orbital snout length; D, inter-orbital width; E, disc 
width; F, mouth width; G, pre-oral snout length; I, clasper length; H, tail length 
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Sample collection on the South Georgia Survey (January 2003) 
Data collected on skate during the 2003 South Georgia groundfish survey followed 
the standard procedures described for longliners (Table 2-1). The fishing equipment 
used during the groundfish survey was an FP 120 trawl net with a steel bobbin bottom 
rig as used on previous surveys (1997 and 2000) and rigged as per design 
specifications. The speed of vessel during hauling, four knots, with a tow bottom time 
of around 30 min, gives an overall trawl distance of approximately two nautical miles. 
Monitoring the net during trawling was done using SIMRAD ITI trawl sensors. The 
details of trawl geometry were as reported in the South Georgia groundfish survey 
report, 2003. 
Sample processing/analytical methodology 
2.3.4.1  Maturity 
A general maturity guide for skate was developed, based on work by Richards et al. 
(1963) and unpublished work by Stehmann (Tables 2-3 and 2-4). At the time there 
were no published maturity scales for Antarctic skate. A photographic guide was also 
prepared (Figures 2-3 and 2-4).4
                                                 
4 Since the development of the field maturity guides for South Georgia by the author, photographic 
representations of each maturity stage for both male and female skate have been published by 
Stehmann (2002) in ‘Proposal of a maturity stages scale for oviparous and viviparous cartilaginous 
fishes (Pisces, Chondrichthyes)’ 
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Table 2-3: Male maturity stages 
I: Juvenile 
Claspers shorter than the length of the pelvic fin. Testis thin and leaf like. Kidneys will be clearly 
visible as the sperm duct has not developed. 
II: Adolescent, maturing 
Claspers are longer than the pelvic fin lobe, but the skeletal structure of clasper still flexible. Testis is 
swollen with spermatophoric spheres. The sperm ducts have obvious structure. Kidneys may be slightly 
obscured by the development of sperm duct 
III: Adult, mature 
Skeletal structure of the claspers is now rigid with fully developed glands. Sperm duct with two 
obvious structures, which are filled with flowing sperm. At least half of the kidney is now obscured. 
IV: Adult, running 
Glands of the claspers are often dilated and appear reddish and swollen. Sperm flows on pressure on 
the cloaca and is present in the clasper grooves and glans. The testis will appear swollen with 
developing spermatophoric spheres and the sperm ducts are divided into two distinct sections with the 
kidneys now fully obscured. 
Table2-4: Female maturity stages 
I: Juvenile 
Ovaries are small and appear leaf-like; no obvious eggs present in the opaque zone of the ovary. 
Normally ovaries are grainy or gelatinous in appearance (sugar grains), with nidamental glands small 
and oviducts small and thread-like 
II: Adolescent, maturing 
Ovary/ovaries contain small eggs, with the nidamental glands usually cream in colour with obvious 
white ends, still small in size, but more obvious and starting to develop. The oviducts are still small and 
thread-like. 
III: Adult, developing 
Developing eggs in ovary/ovaries. Nidamental glands are now fully developed and uniformly white in 
colour and uteri walls are thicker. 
IV: Adult, mature 
Ovary/ovaries contain one or more large eggs. Large eggs present in the oviduct or already at the stage 
of passing through the nidamental glands. Egg cases present; cannot be fully extruded from the 
nidamental glands. Oviducts developed with thick walls and venous. 
V: Adult, laying 
Large egg/eggs still in the ovaries/ovary. Nidamental glands fully developed and uniformly white in 
colour. Egg cases are fully formed. Uteri developed with thick walls. 
VI: Adult, resting 
Ovaries contain a variety of different-sized eggs; no large eggs present. Nidamental glands fully 
developed. No eggs in the oviducts and no egg capsules present. Uteri appear venous and stretched. 
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2.3.4.2 Thorn and vertebral samples 
The thorn and vertebral samples collected during the 2000 fishing season were 
processed onboard the vessel using techniques described by Gallagher and Nolan 
(1999). The samples were processed to remove any attached flesh by placing the 
thorns and vertebrae in hot water for approximately 10–15 min to soften and cook the 
tissue. For each vertebral column the flesh was scraped off and the notochord 
removed. As the thorns are small and delicate the flesh was removed using a 
paintbrush. When the samples had been cleaned, the thorns were placed in envelopes 
marked with haul and skate number for drying; the vertebral samples were labelled 
and hung up in the engine room to dry (a warm, dry environment). 
2.3.4.3 Photographic library 
A photographic reference library was created of external characteristics, gonad 
development, injuries and stomach content. This allowed cross-referencing of data 
and confirmation of speciation during the course of the taxonomic review of skate 
forms. 
Laboratory analysis of skate morphology 
Eight vessels collected specimens of skate caught during the 2001 toothfish fishing 
season. Whole skate specimens were frozen and stored on board the fishing vessels 
until they were deposited at the British Antarctic Survey Base at King Edward Point, 
South Georgia. At the end of the fishing season the fishing vessel Viking Bay 
collected all of the frozen skate specimens deposited at South Georgia and transported 
them to Cape Town in South Africa. In Cape Town the frozen skate were taken to the 
Marine and Coastal Management Laboratories in Cape Town for examination. 
Unfortunately it was not possible to examine all of the samples at the Marine and 
Coastal Management Laboratories and an alternative laboratory was found at the 
Shark Research Centre at the Iziko South African Museum in Cape Town. 
Morphometric data were collected in the laboratory using the procedure described in 
Table 2-1. Vertebral and thorn sections were removed as describe in Procedure 1 
(paragraphs 22 and 23) and processed as described in Section 2.3.4.2. 
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I: Juvenile 
Ovaries are small and appear leaf-like, no 
obvious eggs present in the opaque zone 
of the ovary. Normally grainy or 
gelatinous in appearance (sugar grains), 
with nidamental glands small (opaque 
bulge in the oviduct) and oviducts small 
and thread-like. 
 
 
IV: Adult, mature 
Ovary/ovaries contain one or more large 
eggs. Large eggs present in the oviduct or 
already at the stage of passing through 
the nidamental glands. If there are egg 
cases present they will not be fully 
extruded from the nidamental glands. 
Oviducts are fully developed with thick, 
venous walls. 
 
II: Adolescent, maturing 
Ovary/ovaries contain small eggs 
nidamental glands usually cream in 
colour with obvious white ends, still 
small in size, but more obvious and 
starting to develop. The oviducts are still 
small and thread-like. 
 
 
 
V: Adult, laying 
Large egg/eggs are still found in the 
ovaries/ovary. Nidamental glands are 
fully developed and uniformly white in 
colour. Egg cases present which are fully 
formed. Uteri are developed with thick 
walls and venous or may appear stretched 
due to extrusion. 
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III: Adult, developing 
Developing eggs (some are very large) in 
ovary/ovaries. Nidamental glands are 
now fully developed and uniformly white 
in colour and uteri walls are thicker. 
 
 
VI: Adult, resting 
Ovaries contain a variety of different 
sized eggs; however, no extremely large 
eggs will be present. Nidamental glands 
are fully developed and uniformly white 
in colour. No eggs in the oviducts and no 
egg capsules present. Uteri appear venous 
and stretched. 
 
Figure 2-3: Female maturity stages 
More detailed examinations were carried out in the laboratory than could be 
undertaken at sea.5
The claspers were dissected and examined in detail. The exposed cartilaginous 
structures were preserved in a 70% ethanol solution and stored at the Iziko National 
History Museum of Cape Town, South Africa. The removal of the flesh and the 
preparation of cartilaginous clasper skeletons were as described for the processing of 
the vertebral and thorn samples. However, the processing of the claspers was a much 
slower and more complicated process than the processing of the vertebrae and thorns 
because to the complexity of the structures. A photographic record was made of the 
structures for future reference and comparison purposes. 
 These examinations made comparisons of the cartilaginous 
skeletal morphology of the claspers of both skate forms (A. georgiana and A. species 
anon.) using reference material for the dissections and comparisons of skeletal 
structure by Ishiyama (1958), Hubbs and Ishiyama (1968), Stehmann (1970) and 
Hulley (1972). 
                                                 
5I gratefully acknowledge the guidance and help of Dr Leonard Compagno of the Shark Research 
Centre in South Africa. 
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I: Juvenile 
Claspers will be shorter in length than 
the length of the pelvic fin. Testis are 
thin and leaf like. Spermatophoric 
spheres are present as the leaf like zone 
of the testis. Kidneys will be clearly 
visible as the sperm duct has not 
developed. 
 
 
 
III: Adult, mature 
Skeletal structure of the claspers is now 
rigid with fully developed glands. Sperm 
duct with two obvious structures, which 
are filled with flowing sperm. At least half 
of the kidney is now obscured. 
 
 
 
 
II: Adolescent, maturing 
Claspers are now longer than the pelvic 
fin lobe, with the clasper glans 
developing in structure but the skeletal 
structure still flexible. Testis is swollen 
with spermatophoric spheres developing. 
The sperm ducts now have obvious 
structure. Kidneys may be slightly 
obscured by the developing sperm duct 
 
 
 
IV: Adult, running 
Glands of the claspers are often dilated 
and appear reddish and swollen. Sperm 
flows on pressure on the cloaca and is 
present in the clasper groves and glans. 
The testis will appear swollen with 
developing spermatophoric spheres and 
the sperm ducts are divided into two 
distinct sections with the kidneys now 
almost fully obscured. 
 
 
 
 
Figure 2-4: Male maturity stages 
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2.4 Results 
A total of 118 specimens of A. georgiana and 430 specimens of A. sp. anon were 
examined by the author between 2000 and 2002. A. sp. anon made up 78% of all the 
skate by-catch examined and males were the dominate sex caught for both Amblyraja 
species. A further 130 B. meridionalis specimens were also examined and their results 
are discussed in the next chapter. 
Descriptive statistics (Table 2-5) indicate that A. sp. anon can attain a larger overall 
size than A. georgiana for all of the measurements examined. 
Colouration 
There is a striking difference in both colour and patterning between A. georgiana and 
A. sp. anon, as shown in Figure 2-5. In life the dorsal surface of A. georgiana is 
usually a dark grey-brown base colour with a complex pattern of light grey or white 
lines. In smaller specimens this may be seen as a matrix of diffuse lighter lines, with 
small but distinct white spots at the connecting nodes. The reticulated or honeycomb 
markings are not symmetrical; however, they are spread evenly across the dorsal 
surface of the body and disc, extending down the tail and on to both the anterior and 
posterior pelvic fin lobes. The tips of the anterior pelvic fin lobes are a translucent 
blue-grey colour. The lateral folds, running along the edge of the tail from the keels at 
the pelvic axils to just short of the tip, are creamy white in vivid contrast to the rest of 
the dorsal surface. The claspers of males are the same dark grey-brown as the base 
colour of the body and disc with irregular darker marking, similar to the disc, but less 
well defined. 
In comparison the dorsal surface of A. sp. anon, in life, is found to have a uniform 
base colour of grey, with a light mottling (an effect caused by thornlets). Distinct 
darker blotches with a shade graduated edge are arranged symmetrically around the 
midline. Each blotch is up to 75 mm in diameter and brownish grey in colour. These 
blotches can occur anywhere on the dorsal surface, but a concentration of these 
markings is generally found at the shoulder region, extending down onto the stomach. 
The dorsal surface of the tail is dark, similar in shade to the blotches, but it may 
occasionally have lighter markings. 
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Table 2-5: Summary of descriptive statistics for mature and immature A. georgiana 
and A. sp. anon 
 
  Amblyraja georgiana Amblyraja sp. anon 
 Sex n Mean SE Range n Mean SE Range 
Mature          
Total Length 
(cm) M 50 93 0.7 83.0–101.0 209 104 0.3 93.0–117.5 
 F 11 89 1.1 83.0–96.0 22 103 1.3 94.5–122.5 
Total weight 
(kg) M 47 7 0.1 5.0–10.0 207 7.1 0.1 5.3–13.0  
 F 11 6.8 0.2 5.0–7.8 20 10 0.3 8.9–14.0 
Disc length 
(cm) M 50 53 0.6 47.0–73.0 209 60 0.2 50.0–69.0 
 F 11 52 1.4 45.0–63.0 22 59 0.7 52.5–64.5 
Disc width 
(cm) M 50 73 0.7 52.7–81.0 209 84 0.3 74.0–95.0 
 F 11 73 1.1 65.4–78.0 22 84 0.7 78.4–92.0 
Tail length M 48 35 0.4 32.5–43.2 150 42 0.3 35.0–50.0 
 F 4 35 0.6 32.0–36.0 15 40 1.9 14.5–58.0 
Clasper length 
(cm) M 48 24 0.3 17.5–28.0 206 25 0.2 11.0–30.0 
Immature          
Total Length 
(cm) M 35 65 3.9 15.0–85.0 161 92 0.7 66.0–85.0 
 F 22 62 5.1 13.0–89.0 34 90 1.4 73.0–105.0 
Disc length 
(cm) M 35 38 2.6 7.0–70 165 53 0.4 26.0–70 
 F 22 36 3.1 8.0–52.0 24 53 0.9 43.5–68.0 
Disc width 
(cm) M 35 52 3.2 11.0–69.0 164 75 0.5 54.0–91.0 
 F 22 51 4.2 12.0–74.0  33 74 1 62.5–84.0 
Tail length M 34 27 1.5 8.0–36.0 119 33 1 10.5–44.5 
 F 18 24 2.1 8.0–35.8 30 25 0.9 14.0–44.0 
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The ventral surface of the body (Figure 2-5), disc and tail (including the claspers of 
males) in A. georgiana is predominately white or cream in colour, with grey-brown 
peripheral margins of the pectoral fins, posterior lobes of the pelvic fins and the 
trailing edge of the anterior lobe of the pelvic fins. Other grey-brown diffuse and 
broken patterning can occur around the pelvic girdle and abdomen. The tail usually 
has a conspicuous grey-brown median stripe, originating behind the anus and running 
to the tip. 
In A. sp. anon the ventral surface of the disc and body is darker than the dorsal surface 
with a base colour of grey-black or blue-grey. A pattern of white symmetrical 
markings along the midline is usually seen in the umbilical region (commonly 
observed as a triangular marking). In some individuals this marking extends across the 
gill slits, mouth and snout, with the size of the white area varying from individual to 
individual. Each white area is solid in colour, of an irregular shape and sharply 
defined. Other variations in patterning are found but are always symmetrical. The 
leading edge and tips, ventral and dorsal, of the anterior pelvic fin lobes are a 
translucent milky blue-white. The ventral surface of the tail and male claspers is the 
same grey-black or blue-grey colour as the ventral surface of the disc and body. 
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(a) 
 
(b) 
 
Figure 2-5: Dorsal and ventral patterning and colouration of a typical male of (a) A. 
georgiana and of (b) A. sp. anon, based on the examination of 80 individuals and the 
holotype BMNH 1937.7.12.1 and 419 individuals, respectively 
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Spination 
In both A. georgiana and A. sp. anon there are one pair of pre-orbital and one pair of 
post-orbital thorns on the head with one pair of spiracular thorns. Spination is the 
same on the nape and scapular region, with both forms having two thorns in the nape 
region (occasionally three) and three scapular thorns which are arranged triangularly 
(sometimes less, together with the scars of the lost thorns). Both A. georgiana and A. 
sp. anon have evenly spaced median row thorns from behind the scapular region to 
the first dorsal fin. A. georgiana has between 17 and 27 median row thorns and A. sp. 
anon has 13 and 25 median row thorns. A. georgiana has a significantly larger 
average number of medium row thorns than A. anon. (A. georgiana: mean 22 thorns, 
SD = 1.85, n = 22; A. sp. anon: mean 20 thorns, SD = 1.72, n = 232; t-test P<0.05). 
On the dorsal surface in both species parallel rows of smaller thorns (thornlets) 
subservient to the median row thorns extend from approximately two-thirds of the 
way down the trunk to two-thirds of the way down the tail, at which point definition 
of the rows is lost. A small inter-dorsal thorn between the first and second dorsal fin 
of the tail is common when the two fins are not joined (occasionally there are two 
small thorns). 
On the disc of maturing and adult males, thorns of alar are present in both A. 
georgiana and A. sp. anon Examination by t-test indicated no significant differences 
between A. georgiana and A. sp. anon in the number of thorn rows present, however a 
difference was found in the number of alar thorns on the pectoral fins, with A. sp. 
anon having a significantly higher average number than A. georgiana. (A. sp. anon: 
mean 61, n = 62, SD = 13.63; A. georgiana: mean 46, n = 23, SD = 24.78; t-test 
P<0.05). 
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Size at maturity 
Maturity data were collected for a total of 539 skate (117 A. georgiana and 422 A. sp. 
anon). A binomial generalised linear model (GLM; S-plus) was used to evaluate the 
relationships between various parameters and the stage of maturity. The model 
identified significant effects of species variant and length, but no significant sex effect 
(Table 2-6). This allowed maturity curves for the combined sexes to be constructed in 
S-plus using the King (1995) version of the logarithmic curve. 
 
M = 1/(1 + exp(–r (L – Lm)))     Equation 2-1 
 
where M is the proportion of population that is mature, r is the slope of the 
logarithmic curve, L is the total length of the fish and Lm is the total length at which 
50% of the population is mature. 
Table 2-6: Results of a binomial GLM in S-plus examining the influence of species, 
length, sex and combinations of each on maturity stage for Amblyraja spp caught as 
by catch in the toothfish longline fishery in CCAMLR sub-area 48.3 
 df Residual 
deviance 
df Residual 
deviance 
P(χ2) 
Null   136 549.447  
Length 1 141.368 135 408.079 < 0.000 
Species variant 2 317.368 133 90.710 < 0.000 
Sex 1 0.613 132 90.097 0.43 
Length:Species variant 2 16.115 130 73.983 < 0.001 
Length:Sex 1 0.000 129 73.982 0.99 
Species:Sex 2 1.730 127 72.252 0.42 
 
The results of the estimated maturity curves are shown in Figure 2-6, while Table 2-7 
provides the confidence limits of the estimated slopes and length at 50% maturity. 
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Length at 50% maturity was significantly higher for A. sp. anon than for A. georgiana 
(13 cm difference); whereas the slope of the maturity curve was significantly steeper 
for A. georgiana (Table 2-7). 
Table 2-7: Estimated slopes and length (cm) at 50% maturity (Lm) and their 
confidence intervals (CI) for A. georgiana (n = 117) and A. sp. anon (n = 422) 
 
 Amblyraja georgiana Amblyraja sp. anon  
 Estimate SE CI Estimate SE CI Probability 
Slope 0.577 0.109 
0.364–
0.790 0.284 0.032 0.221–0.347 <0.05 
Lm 84 0.4 83–85 97 0.4 96–98 <0.05 
 
 
 
 
 
Figure 2-6: Estimated maturity curves with 95% confidence intervals around 
Lm = length at 50% maturity indicated 
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Claspers 
Clasper morphology is imperfectly known within the genus Amblyraja and for most 
species has not been studied, nor described in detail. Exceptions are for A. badia (L. J. 
V. Compagno, unpublished), A. hyperborea and A. radiata (both by Stehmann, 1970), 
with which comparisons for the South Georgia Amblyraja are made below. 
The claspers of known Amblyraja species are similar in gross morphology (including 
skeletal structure) but differ considerably in detail. General clasper shape varies 
considerably within the genus: A. doellojuradoi and A. radiata have relatively short, 
stout, stubby, club-shaped claspers with a very broad glans; A. badia, A. georgiana, A. 
hyperborea and A. sp. anon have more elongate, stout, cylindrical claspers; and A. 
reversa has slender; spindle-shaped claspers with narrower, more distally tapering 
glans. A georgiana differs from A. sp. anon in having claspers that are slightly thicker 
(less flattened) relative to width and less laterally curved, but this needs to be 
confirmed with more adult male specimens of A. georgiana. 
Components of the clasper glans, including the structures supported by the terminal 
cartilages, are broadly similar in the two South Georgian Amblyraja spp. and resemble 
those of A. badia and A. hyperborea rather than A. radiata in general layout. 
However, the South Georgia species differ from A badia, A. hyperborea and A. 
radiata in having the component sentinel more anterior on the clasper glans relative to 
the posterior tip of the clasper, while A. georgiana differs from A. sp. anon in having 
a lower, smaller sentinel and a larger, more prominent rhipidion. 
The clasper skeletons of Amblyraja species from South Georgia have not previously 
been studied in detail. This study found that there are complex differences between 
the clasper skeletons of A. georgiana and A. sp. anon in the shape of the axial 
cartilage including the end-style (Figure 2-7), ventral cartilage (Figure 2-7), ventral 
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terminal cartilage supporting the clasper element shield (Figure 2-8) and the accessory 
terminal one cartilage (Figure 2-9). More clasper material from A. georgiana is 
required to confirm the differences in clasper skeleton between the two species. 
Clasper colouration in A. georgiana is strikingly different from A. sp. anon In the 
former the claspers are brown above (dorsally) and white below (ventrally); in the 
latter the claspers are brown. 
The relationship between clasper length and total length was examined as the lengths 
of the claspers of mature specimens for both forms appear to be very similar although 
the total lengths of mature male A. georgiana are considerably less than those of 
mature male A. sp. anon. Data for adult clasper lengths were found to be normally 
distributed for both A. georgiana and A. sp. anon. The proportion of clasper length to 
total length was calculated and linearised using natural log. A t-test was used to 
examine if there was a significant difference between the mean proportions of clasper 
length to total length for each skate form. Results of this t-test indicate that in relation 
to total length, mature male A. georgiana have significantly proportionally longer 
claspers (P = <0.05) at 25.3% than A. sp. anon males at 22.5%. 
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Figure 2-7: Comparisons of the skeletal structure observed in the axial (ax) and 
ventral marginal (v mg) cartilages of the left claspers of a male Amblyraja sp. anon (a) 
and A. georgiana (b). Scale length: 1 cm 
  
 80 
 
 
 
 
Figure 2-8: Comparison between the ventral terminal cartilages removed from the left 
claspers of a male Amblyraja sp. anon (a) and A. georgiana (b). Scale length: 1 cm 
 
 
Figure 2-9: Comparison between the accessory terminal 1 cartilages removed from 
the left claspers of a male Amblyraja sp. anon (a) and A. georgiana (b). Scale length: 
1 cm 
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Comparisons between all clasper lengths recorded for male A. georgiana and A. sp. 
anon (Figure 2-10) indicated that the proportion of clasper length to total length was 
also greater in immature specimens of A. georgiana over 70 cm total length. 
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Figure 2-10: Average clasper length for 2-cm size classes, as a proportion of the total 
length for male A. georgiana and Amblyraja sp. anon 
 
2.5  Discussion 
The colouration of the A. georgiana caught around South Georgia conforms to the 
holotype (Norman, 1938) but is quite different to A. sp. anon. Studies of the taxonomy 
of Rajidae (Hubbs and Ishiyama, 1968; Stehmann, 1970) have shown that colour and 
pattern are often reliable diagnostic features. Average and maximum size at 50% 
maturity of A. georgiana. and A. sp. anon were also found to be significantly 
different, indicating dissimilar life histories for the two forms. The relative sizes of 
claspers for mature males were found to vary significantly between the two forms 
with A. georgiana having proportionally longer claspers than A. sp. anon. Studies by 
Hubbs and Ishiyama (1968), Stehmann (1970) and Hulley (1972) have found that the 
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morphology and anatomy of the claspers are species specific, particularly the distal 
end or head of the clasper. This study has found several significant differences in the 
shape of the axial and ventral marginal cartilages, the ventral terminal cartilages and 
the accessory terminal 1 cartilages of the adult male claspers of the two forms. 
The preferred depth range of 300–500 m for A. georgiana is consistent with previous 
descriptions (Bigelow and Schroeder, 1965; Permitin, 1969; Fischer and Hureau, 
1985; Gon and Heemstra, 1990). A. sp. anon appears to prefer deeper waters, although 
there is some limited overlap between their distributions. During the three successive 
years of data collection, 85% of A. georgiana captures were made in depths shallower 
than 600 m (Figure 2-11), and 94% of all A. sp. anon were caught in waters deeper 
than 1000m (note that the subject of depth distribution of the species will be described 
in more detail in Chapter 3). During the South Georgia ground fish survey in 2003, 
where trawling was restricted to depths less than 900m by the bottom topography, A. 
sp. anon were conspicuously absent from the catch. 
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Figure 2-11: Percentage of captures by depth for A. georgiana (dark bars) and A. sp. 
anon (light bars) 
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A. sp. anon exhibits many similarities in depth of capture, spination, teeth row counts, 
colour, skeletal morphology and patterning to other deepwater Amblyraja species, for 
instance A. badia (Garman, 1899), A. hyperborea (Collett, 1879) (as described by 
Stehmann and Burkel, 1984), A. robertsi (Hulley, 1970) and A. frerichsi (Krefft, 
1968). The author examined descriptions and specimens of these species (including 
holotypes of A. frerichsi and A. robertsi) and considers A. sp. anon different to A. 
badia, A. robertsi or A. hyperborea. A. sp. anon is also distinct from A. radiata 
(Donovan, 1808), A. doellojuradoi (Pozzi, 1935), A. jenseni (Bigelow and Schroeder, 
1950), A. reversa (Lloyd, 1906), A. taaf (Meissner, 1987) and an unidentified whitish 
deep-water Amblyraja (M. Stehmann) from the Eastern North Atlantic. However, A. 
frerichsi shows similarities to A. sp. anon. Unfortunately, A. frerichsi is known only 
from a single adult specimen (the female holotype), 16 juvenile male paratypes and 17 
juvenile female paratypes. During this study no small individuals of any skate species 
were caught so a thorough comparison is impossible. 
Whether A. sp. anon is a new undescribed species will have to await a review of the 
taxonomy of these rajids. Nevertheless, the overall conclusion from this study 
strongly suggests that A. sp. anon is a separate species from A. georgiana. This is 
important for the management of by-catch species around South Georgia, as the data 
suggest that A. sp. anon represents approximately 72% of the three identified species 
of skate (A. sp. anon, A. georgiana and B. meridionalis) caught within the toothfish 
longline fishery. Even if A. sp. anon is only a sub-species or sub-population, it would 
appear from the results above to have sufficiently different biological characteristics, 
in particular growth rate, maturity and distribution, to warrant management of it and 
A. georgiana as separate stocks. 
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The only other skate species identified in this study was B. meridionalis. Its biology is 
examined further in the next chapter. Occasionally observers have reported other 
species. Since skate identification is difficult, and these other species have not been 
either noted or examined by the author, they will not be included in this study. 
2.5 Conclusion 
Chapter 2 sets out the protocols and the procedures developed by the author which 
were used by the author and scientific observers in the field and by the author working 
with various experts in the laboratory to collect the data used in this study. This 
chapter addresses the question of the identification of the two Amblyraja forms which 
are commonly caught within this fishery, finding significant differences between the 
two forms such as body shape, spination, patterning and colouration, size at 
maturation, skeletal structure of the claspers and population distribution by depth.    
Although it was not possible to establish whether the newly reported skate A. sp. anon 
is in fact a new skate species, it was possible to determine that A. sp. anon is a 
separate species from A. georgiana and that they constitute two separate populations. 
For the rest of this thesis A. georgiana and A. sp. anon will be considered as separate 
species and stocks for the purposes of data collection and management. It was decided 
that for the duration of the data collection for this thesis A. sp. anon would be 
assigned a separate code and observers would be given instructions to allow for the 
reliable identification of the two forms (A. georgiana and A. sp. anon). 
Having identified the species found at South Georgia, the next chapter describes their 
biology in more detail. 
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3 Skate biology and distribution 
3.1 Introduction 
The biology of Antarctic skate has been, until recently, a somewhat unknown subject. 
For the sea around South Georgia, previous studies (excluding Endicott et al., 2000) 
have only commented briefly on the presence of skate within catches or have been of 
a taxonomic nature (Norman, 1937; Bigelow and Schroeder, 1965; Everson, 1977; 
Stehmann; 1987; Agnew, 1999; Everson et al., 2000), with no attempt being made to 
establish the distribution or the general biology of each species. In this chapter, the 
general biology of the three skate species (Amblyraja georgiana, A. sp. anon and 
Bathyraja meridionalis) caught within the toothfish longline fishery around South 
Georgia will be examined using newly available data for area and depth distribution, 
maturity, feeding ecology, age, growth and weight. 
3.2 Methods 
Development of data collection and protocols 
To establish the general biology of the skate species caught as by-catch within the 
longline fishery around South Georgia new data was needed as the available data was 
insufficient and lacked basic biological information. 
The author, acting alone, could not collect all these data, so an approach was adopted 
that would allow data collection by the author and by observers working within the 
scientific observer programme on commercial longline fishing vessels operating 
around South Georgia. 
The expansion of data collection to utilise the existing scientific observer program and 
a research cruise (2003) resulted in the assembly of a much larger data base than 
could have been achieved by the author working alone. However, this process 
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required the standardisation of the protocols for all data collected. The author 
determined the scope of data collection and designed the necessary processes during 
two seasons on board commercial longliners (Chapter 2, Figure 2-1). The two-season 
period gave the author a good understanding of the working conditions on board a 
commercial longline fishing vessel and the effect of environmental factors on the data 
collection process. This ensured that the collection of the required information was 
feasible within the constraints imposed by the limited facilities available for collecting 
data on a working fishing vessel. This period enabled the development of the 
processes that would ensure the standardisation of data not only between observers 
and vessels, but also between years. 
To make estimates of skate captures, observers were instructed to record the numbers 
of all skate caught during line observation periods.6
Prior to embarkation, the field observers participating in this study attended a briefing, 
where the author gave instruction on the data collection methods and protocols used, 
the use of the species identification and maturity guides, answered questions and dealt 
with the concerns raised by the observers. 
 To obtain biological data 
observers were instructed to retain and examine all skate captured during the 
biological work segment of the daily work schedule. Skate species identification and 
sexing were not attempted during line observation periods because of the difficulties 
in correctly sexing immature males (claspers can be very small) and the confusion 
surrounding the identification of skate species. 
 
                                                 
6As part of the scientific observers daily work schedule, observers must watch approximately 25% of 
all hooks set, returned for an individual day, recording all species (at least to genus level) seen to be 
caught and number of hooks observed. This as a representative subsample of the fished catch can be 
extrapolated to estimate the total numbers for each species caught, including catch rates/hook. 
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Skate species field guides 
As a result of the findings referred to in Chapter 2, and the continuing confusion 
shown by observers in the field concerning skate species identification, it was 
necessary to develop a specific skate species field guide for use in the toothfish 
longline fishery around South Georgia. The guide is in two parts, the first part is a 
quick reference section showing the colour and patterning differences between each of 
the three known species (Figures 3-1 to 3-3) and Amblyraja taaf (Figure 3-4). A. taaf 
was included as the species had been reported from the area in the past, although this 
has not been confirmed by recent taxonomic identification. The second part of the 
guide is a brief taxonomic description of the three known species together with the 
observed range of capture depth. The pages of the guide are laminated, wipe-clean 
and waterproof and can be used on the vessel deck during hook and line observations 
and on the vessel’s factory deck during biological data collection. This printed guide 
was distributed to each observer at the briefing prior to embarkation. 
 
 
Dorsal view 
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Ventral view 
Figure 3-1: Quick reference field guide for Amblyraja georgiana as used by 
observers from 2002 
 
 
 
Dorsal view 
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Ventral view 
Figure 3-2: Quick reference field guide for Amblyraja sp. anon as used by observers 
from 2002 
 
 
 
Dorsal view 
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Ventral view 
Figure 3-3: Quick reference field guide for Bathyraja meridionalis as used by 
observers from 2002 
 
Dorsal view 
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Ventral view       Anterior pelvic fin lobe (dorsal view) 
 
Figure 3-4: Quick reference field guide for Amblyraja taaf as used by observers from 
2002 
 
Data collected and protocols used by observers in the field 
In practice it was not feasible for observers in the field to undertake the finer scale 
measurements used by the author in 2000 and 2002 (Chapter 2, Table 2-1, Procedure 
1), because of the limited working space available to the observers and the length of 
time needed to undertake a detailed examination of the skate as (skate data collection 
was only a small part of an extensive work schedule of observers covering all 
operations of the vessel). It was therefore decided that the observers would collect the 
data as Procedure 2 (Chapter 2, Table 2-2). This allowed large amounts of data to be 
collected quickly, with less emphasis on the taxonomic features required by Procedure 
1 (Chapter 2, Table 2-1) 
The procedures for biological data collection and tissue sampling at sea were tested 
and developed in the field during the 1999/2000 fishing season to check their viability 
and validity. During this period the author also developed a general maturity guide for 
skate, as at that time, to the best of the author’s knowledge, no maturity scales had 
been published for Antarctic skate. The maturity scales developed were based on 
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work by Richards et al. (1963) and unpublished work by Stehmann7
Age validation 
 and are described 
in Chapter 2 (Tables 2-3 and 2-4). 
A skate tagging and chemical marking program was undertaken to provide further 
data, such as a validation of growth for aging analysis from chemically marked 
vertebra and thorns and movement and migration patterns from tagged and recaptured 
skate that could not be determined from the catch and biological data obtained within 
the fishery. Preliminary work by Endicott et al. (2000) suggested that the highest 
survival rates of skate post-capture occurred at shallow depths (<350m). It was 
initially decided to only tag skate which had been caught at depths less than 400m, 
with an ideal depth of 250–350m. Two types of tags were used in this program, 
Peterson disc and dart tags, to establish which tag is more durable and suitable for a 
long term, ongoing skate tagging program. 
Skate selection was based on the condition and liveliness of the skate at the time of 
hauling to ensure good survival chances. Skate with the following injuries were not 
selected because of poor survival expectations; prolapsed intestine, inverted stomach, 
torn musculature around the mouth or smashed mouth parts. Less severe injuries, such 
as a snagged hook in the pectoral fin or small cuts or abrasions (superficial damage) 
were not considered to be life threatening, and so were not used as exclusion factors 
in skate selection. No restrictions were placed on size or maturity of the skate selected 
for tagging. 
                                                 
7Since the development of the field maturity guides for South Georgia by the author, photographic 
representations of each maturity stage for both male and female skate have been published by 
Stehmann (2002) in ‘Proposal of a maturity stages scale for oviparous and viviparous cartilaginous 
fishes (Pisces, Chondrichthyes)’ 
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All skate considered suitable for tagging had their sex and species recorded together 
with the position and depth of capture, total length, disc width, weight, and tag 
numbers. Those tagged by the author were chemically marked with an injection of 
oxytetracycline (OTC). It should be noted that this chemical marking was only carried 
out by the author and does not form part of the current skate tagging program. At the 
present time all age related data has come from specimens without chemical marking 
where no validation of age was possible,  
The recapture and examination of chemically marked skate would enable the 
measurement of the growth that has occurred between the time of initial capture and 
the time of recapture and effectively calibrate the thorn and vertebral bands used to 
determine age. 
 
Both the Peterson disc and the dart tag were placed in the musculature of the pectoral 
fins (one in each wing), forward of the body cavity in the shoulder area (scapular, 
region). For the chemical marking a dose rate of 25mg OTC per 1000g live weight 
was used (as described by Gallagher and Nolan, 1999) in the musculature (normally 
dorsally) in the fleshy region of the tail base. Any hooks were removed before the 
skate was released overboard. Where possible a dip net was used to lower the skate 
over the side of the vessel into the water. 
It was planned that upon recapture the position and depth of capture would be 
recorded together with the total length, disc width and weight of the skate caught and 
the serial numbers of the Peterson disc and dart tags recovered, before biological 
samples of thorns and vertebrae were removed from the skate and frozen for 
laboratory examination. 
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3.3 Results 
Basic biological parameters 
During the course of this research biological data were collected by the author and 
observers in the field for a total of 916 individual skate. Unfortunately the data 
collected for some of the skate were incomplete and the size of data set varies for 
some of the parameters examined.  
The basic biological parameters for the skate examined during this study are shown in 
Table 3-1. 
 A. species anon was the most common of the three species of skate caught during this 
study, providing approximately 67% of all the biological samples examined and a 
catch ratio of approximately 5:1 males to females (Table 3-1).  A. gorgiana provided 
approximately 19% of the catch and was also observed to have more males than 
females, with a ratio of males to females of almost 2:1. B. meridionalis gave the 
smallest number of samples with approximately 14% of the catch and a ratio of 
approximately 4:3 male to female animals, 
 Length weight relationships of all three species were examined using log transformed 
length and weight data and GLMs in S-Plus. As expected the length weight 
relationships of B. meridionalis were found to be significantly different from both A. 
georgiana (Std Err 0.0163, Pr (F) <0.05) and A. sp. anon (Std Err 0.0098, Pr (F) 
<0.05). Significant differences were also found between male and female B. 
meridionalis (Std Err 0.0075, Pr (F) 0.0220).  Significant differences between sexes 
were also found for both A. georgiana (Std Err 0.0086, Pr (F) 0.0495) and A. sp. anon 
(Std Err 0.0036, Pr (F) <0.05), but there was no significant difference between the 
length weight relationships of these two species (Std Err 0.0083  , Pr (F) 0.09898 ). 
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Table 3-1: Basic descriptive statistics for the three skate species caught within the longline fishery. Full measurements were not possible on all 
individuals, resulting in varying sample sizes for each parameter.  
  Amblyraja georgiana Amblyraja sp. anon Bathyraja meridionalis 
 
Sex Number Mean 
Std 
error Range Number Mean 
Std 
error Range Number Mean 
Std 
error Range 
Total length 
(cm) 
M 111 75 2.6 16.5–101.0 510 98.4 0.4 68.5–117.5 74 113.7 2.1 65.5–145.0 
F 60 71 3.5 18.2–98.0 105 95.7 1 69.0–122.5 56 120.0 2.8 7.3–149.0 
Total weight 
(kg) 
M 110 5.4 0.4 0.04–10.0 497 8.4 0.1 3.0–14.5 72 8.7 0.5 1.3–17.0 
F 60 5 0.4 0.03–9.0 99 8.8 0.3 3.0–14.0 55 11.1 0.6 1.0–20.0 
Disc length 
(cm) 
M 90 46.2 1.4 8.6–73.0 460 57.4 0.3 26.0–85.0 73 56.8 1.1 33.5–87.0 
F 51 42.3 2.1 7.3–53.0 105 55.6 0.7 31.0–66.0 52 56.0 1.2 38.0–94.0 
Disc width 
(cm) 
M 111 59.6 2.1 12.5–81.0 509 80 0.3 54.0–95.0 74 74.0 1.4 40.8–97.0 
F 60 57 2.9 10.6–76.0 104 78.7 0.8 55.0–92.0 56 78.4 1.9 4.9–96.0 
Tail length 
(cm) 
M 84 33.8 1 8.6–44.0 343 40.3 0.3 10.0–53.0 48 57.0 1.3 38.0–75.5 
F 44 30.3 1.6 8.0–41.0 77 38.8 0.6 14.5–58.0 34 58.8 1.3 37.0–74.0 
Teeth top 
(n) 
M 21 37 0.7 32–44 80 38 0 31–45 14 30 0.9 26–39 
F 4 36 1.3 32–38 26 36 0.7 30–45 7 29 1.3 25–35 
Teeth 
bottom (n) 
M 20 35 0.7 29–41 65 37 0 29–45 14 28 0.9 23–36 
F 1 35 – – 22 36 0.7 29–41 7 26 0.7 22–27 
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In all three species females had a greater weight at length than males (Figures 3-5, 3-6 
and 3-7).  Both B. meridionalis and A. sp. anon females grew to a greater total length 
than the longest males. The longest female A. georgiana were found to be slightly 
shorter in total length than the longest males (Table 3-1). This result however should 
be viewed with caution as this may be the result of a lower sample size and may 
change as more biological data becomes available. 
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Figure 3-5: Length weight relationship for 477 males and 99 female A. sp. anon, with 
the R-squared value shown. 
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Figure 3-6: Length weight relationship for 105 males and 52 female A. georgiana, 
with the R-squared value shown. 
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B. meridionalis
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Figure 3-7: Length weight relationships for 54 males and 43 female B. meridionalis, 
with the R-squared value shown. 
In overall physical size B. meridionalis was the largest and heaviest skate species 
examined in this study (Table 3-1, Figure 3-7). A. georgiana was the smallest and 
lightest (Table 3-1, Figure 3-6). 
0
10
20
30
40
50
60
50 54 58 62 66 70 74 78 82 86 90 94 98 10
2
10
6
11
0
11
4
11
8
12
2
12
6
13
0
Total length size class (cm)
Nu
m
be
r
Female Male
 
Figure 3-8: Length frequency plots for 510 male and 105 female A. sp anon.  
 
The length frequency of A. sp. anon shows that most of the males caught were 
between 94 cm in and 110 cm total length. Females appear to have two length 
groupings, between 85 cm and 90 cm and between 94 cm and 110 cm (Figure 3-8) 
 The length frequency by year of capture plots show that the greatest number of male 
A. sp. anon captures occurred in 2000 (Figure 3-9) with the majority of the animals 
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being between 96 cm and 104 cm long. After that year there was a general decline in 
the numbers of male skate caught and a marked reduction in the numbers caught 
annually in the 96 cm to 104 cm length band.  The trend in female captures is less 
clear, with the greatest number caught in 2003 and a fall in numbers in 2004 (Figure 
3-10). Examination of frequency by year for both A. georgiana and B. meridionalis 
proved less fruitful as no trends or patterns were visible. This may be due to changes 
within the population at large or insufficient numbers of captures within each data set.   
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Figure 3-9: Length frequency by year of capture plots for 510 male A. sp anon. 
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Figure 3-10: Length frequency by year of capture plots for 105 female A. sp anon. 
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Figure 3-11: Length frequency plots for 111 male and 60 female A. georgiana. 
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Figure 3-12: Length frequency plots for 74 male and 56 female B. meridionalis. 
Length frequency distributions for all three species clearly indicate the selectivity of 
the fishing gear used within this fishery, as no newly hatched, young or small juvenile 
skate are caught within the longline fishery. The hatchling and small juveniles of  
 A. georgiana and B. meridionalis (Figures 3-11 and 3-12) were caught using trawls, 
not longlines, during research cruises in 2002 and 2003,.  This selection in size is 
most likely due to the size of the hooks used within the fishery being too large for the 
smaller skate to take. Also the bait types used may not be attractive to small and 
juvenile skate.  This selectivity has caused problems with the analysis during this 
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study with no newly hatched or small specimens of A. sp. anon being caught during 
the course of this study and with only one hatchling of B. meridionalis obtained 
during the Ground Fish Survey in 2003. 
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Figure 3-13: Length at depth relationships for 477 male and 99 female A. sp. anon 
The relationship between total length and depth for capture of A. sp. anon indicates 
that both sexes have a negative length relationship with depth, males slightly more so 
than females (Figure 3-13).  Generalised Linear Models (GLM) in S-plus were used to 
establish any significant differences between the sexes in the relationship.  The results 
of the GLM indicated that there were significant differences between male and female 
A. sp. anon in their length depth relationships (Std Err 0.5080,   Pr (F) 0.0233) 
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Figure 3-14: Length at depth relationships for 105 male and 52 female A. georgiana 
 
Results of the length depth relationship for male and female A. georgiana (Figure 3-
14) indicate that length for both sexes has a positive relationship with depth.  Initial 
findings in Figure 3-14 suggest that males have a more significant relationship than 
females. A GLM in S-plus was used to examine this in more detail, with the results 
showing that with the current data set there is no significant difference between the 
sexes (Std Err 2.3989, Pr (F) 0.2230). This result however may be due to the large 
associated standard error and small sample size. 
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Figure 3-15: Length at depth relationships for 54 male and 43 female B. meridionalis 
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Initial examination of the length depth relationships for male and female B. 
meridionalis (Figure 3-15) suggest that the males have a negative relationship of total 
length with depth with females having a positive relationship. Again the results of a 
GLM indicated that for this data set, there was no significant difference between the 
sexes (Std Err 1.7010, Pr (F) 0.1367) 
Distribution 
The distribution of Rajidae is worldwide, mainly along the outer continental selves 
and upper slopes of temperate and arctic waters (Ishiyama, 1958; Ebert et al., 1991; 
McEachran and Dunn, 1998) and the depth distribution is from the shore line to over 
3000 meters in depth (McEachran and Dunn, 1998; Gallagher, 2000; Valsecchi et al., 
2005a). However, although the family Rajidae shows great diversity in distribution, 
few species are wide-ranging, most species are characterised by having limited, well 
defined distribution ranges (Walker, 1998; Gallagher, 2000), and many are endemic to 
specific locations (Valsecchi et al., 2005a). Skate are not common within the ecology 
of the tropics (Ebert et al., 1991) and of all the cartilaginous fishes they are the only 
members that have species diversity in the higher latitudes. 
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Figure 3-16: Documented distribution of skate genera around Antarctica. Source 
CCAMLR (Commission of Conservation of Antarctic Marine Living Resources) 
Documented captures of skate during fishing activities in Antarctic waters (Figure 3-
5) collated by the Commission for the Conservation of Antarctic Marine Living 
Resources (CCAMLR) shows that the genera Bathyraja and Amblyraja have 
circumpolar distributions (CCAMLR, 2000; CCAMLR, 2006). Recent papers by 
Ballara and O’Driscoll (2005), and Francis (2006) indicate that both Amblyraja and 
Bathyraja species are commonly caught in the toothfish longline fishery in the Ross 
Sea. 
Around South Georgia, the records of skate captures suggest that skate are found in 
most places that toothfish are caught (Agnew et al., 1999). However, their spatial and 
temporal distributions are poorly understood (Endicott et al., 2000). 
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In this study, data relating to sex and position of capture were collected for 834 
individual skate, with data for depth and sex collected from 839 individual skate8. All 
these skate were caught during four fishing cruises and one research cruise. These 
were only small sub-samples of the total number of skate caught around South 
Georgia from 2000 to 2004, whose distribution is shown in Figure 3-17. 
 
Figure 3-17: The distribution of all reported Rajidae captures around South Georgia 
between 2000 and 2004 shown as catch (numbers) per thousand hooks set (CPUE) 
Three species of skate were identified, two of the genus Amblyraja: A. georgiana and 
A. sp. anon, and one of the genus Bathyraja: B. meridionalis. All three species appear 
to have similar geographical distributions around South Georgia. From the biological 
samples examined A. sp. anon was the most numerous species caught, with 
approximately 69% of all skate captures. The distribution of 475 male A. sp. anon 
caught suggests that aggregations of males occur in all of the areas around South 
Georgia where biological samples were taken. The distribution of the 98 female A. sp. 
anon seems to have two distinct tight aggregations in an area to the east of South 
Georgia and a looser aggregation to the north-east of Shag Rocks (Figure 3-18). 
 
                                                 
8 These two data sets where obtained from the main biological data set of 916 skate. 
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Figure 3-18: Geographical distribution of the precise positions of capture of 475 male 
and 98 female Amblyraja sp. anon caught around South Georgia between 2000 and 
2004 
The distribution of 110 male and 53 female A. georgiana appears to have localised 
areas of aggregation of both males and females to the west of Shag Rocks and 
between the east of Shag Rocks and the north-west of South Georgia. There were 
further aggregations of males to the south of South Georgia and females to the north 
of South Georgia (Figure 3-19). 
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Figure 3-19: Geographical distribution of the precise positions of capture of 110 male 
and 53 female Amblyraja georgiana caught around South Georgia between 2000 and 
2004 
Three areas of aggregation were identified for the 54 male and 44 female B. 
meridionalis; to the east of Shag Rocks and to the north and to the east of South 
Georgia (Figure 3-20). Of the three species considered, the distribution of B. 
meridionalis seems to have the least aggregation and also a more uniform distribution 
of both males and females. 
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Figure 3-20: Geographical distribution of the precise positions of capture of 54 male 
and 44 female Bathyraja meridionalis caught around South Georgia between 2000 
and 2004 
The depth distribution of 478 male and 101 female A. sp. anon caught from 2000 to 
2004 shows that the greatest number of captures occurred at depths between 1200 and 
1600 m. Outside this depth band the number of captures was significantly lower. 
Female A. sp. anon captures peaked at 1500 m, approximately 200 m deeper than the 
peak for males (Figure 3-21).  A Chi square test was used to examine if the depth 
separation between the sexes was significant or not. Results of this test showed that 
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female A. sp. anon do have a significantly deeper depth distribution than males (Chi 
square value = 173.889, df = 30, p-value 0.0061)  
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Figure 3-21: Depth distribution of 478 male and 101 female A. sp. anon caught 
between 2000 and 2004 (all samples where depth data were recorded) 
The depth distribution of 109 male and 53 female A. georgiana caught during this 
study shows captures occurring in shallow waters to 900 m (when compared with A. 
sp. anon), with the greatest number of captures of males occurring between 200 and 
600 m (Figure 3-22). There were fewer female captures, with a fairly uniform 
occurrence between 100 to 700 m but with a marked peak between 500 and 600 m. 
A comparison of depth distribution between the sexes of A. georgiana, using a Chi 
square test was not productive because of the small sample size. 
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Figure 3-22: Depth distribution of 109 male and 53 female A. georgiana caught 
between 2000 and 2004 (all samples where depth data were recorded) 
The depth distribution of 54 male and 44 female B. meridionalis caught during this 
study shows that B. meridionalis appear to have a similar depth distribution to A. sp. 
anon with increased captures observed between 1200 and 1400 m for both male and 
female skate (Figure 3-23).  
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Figure 3-23: Depth distribution of 54 male and 44 female B. meridionalis caught 
between 2000 and 2004 (all samples where depth data were recorded) 
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As with A. Georgiana, a comparison of depth distribution between the sexes of B. 
 meridionalis using a Chi square test was also not productive because of the small  
sample size. 
 
Tagging 
Even though considerable effort was expended to develop a tagging program, which 
tagged and chemically marked (using OTC) viable skate candidates caught within the 
toothfish longline fishery around South Georgia during this study, no reliable 
recapture data is currently available. However, tagging studies in the Ross Sea have 
been successful in recovering tagged skate within their toothfish longline fishery, 
although the number recovered has been small. 
Maturity and fecundity 
The maturation of an individual within a population is considered to be a pivotal event 
within the life cycle, as it is only after this point that an individual can contribute to 
the population through reproduction (Walker, 1998). 
As with most elasmobranchs, skates are typically late maturing, at between 4 and 12 
years depending on species (Gallagher, 2000) and have life strategies which tend to 
invest in a limited number of energy-rich eggs (Agnew et al., 2000). However, skate 
are the most fecund of all elasmobranchs (Holden  et al., 1971; Frisk et al. 2004), and 
can produce up to 160 fertilized egg capsules per annum depending on species 
(Holden  et al., 1971). Oviparity tends to occur in localised areas, which are 
commonly referred to as nursery grounds. For many species of skate these nursery 
grounds occur in inshore areas (Walker and Ellis, 1998; Gallagher, 2000; Mabragana 
et al. 2002) 
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Studies have shown that females of certain species are able to store the inseminated 
sperm for several weeks in advance of oviparity (Walker, 1998); however, this does 
not appear to be true for all skate species (Sulikowski et al., 2005). Copulation 
involves the male skate inserting one of its two claspers (the intromittent organ) into 
the female skate’s cloaca and depositing sperm. Fertilisation of the egg (ovum) occurs 
as it passes from the Fallopian tube through to the nidamental gland, where a keratin-
like protective casing is exuded over the ovum (Walker, 1998; Gallagher, 2000; 
Stehmann, 2002) to form an egg capsule which is stored in the uterus until it is 
deposited. Once fertilization has occurred skate have been found to be able to deposit 
up to five or six pairs of egg capsules before the next copulation is necessary 
(Richards et al., 1963). The time from encapsulation to oviparity in skate is thought to 
be short 9
Gauging the stage of maturity in skate is usually based on allometric growth and 
secondary sexual characteristics (Gedamke et al., 2005). In males the external sexual 
characteristics such as the size and development of the two external claspers (Walker, 
1998; Stehmann, 2002) and the development of the thorns of alar and malar on the 
ventral surfaces of the pectoral fins can be used to estimate the stage of maturity. 
Maturity determination based on the internal sexual organs of males considers the 
combination of the degree of coiling of the vas deferentia, the size of testis and the 
development of spermatospheres (Stehmann, 2002). In females there are no easily 
 (Berestovskii and Zelentsy, 1994), although this will vary with species and 
ambient conditions (Walker, 1998). The incubation period from deposition until 
hatching is known to vary greatly, from months (Stehmann, 2002) to several years in 
extremely cold water temperatures (Berestovskii and Zelentsy, 1994; Stehmann, 
2002). 
                                                 
9 1-13 days in Raja eglanteria, with an average of 4-5 days at water temperatures of 20 to 27oC 
(Berestovskii and Zelentsy, 1994). 
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discernable external characteristics for estimating maturity, therefore internal 
examination of the sexual organs such as the ovaries and the development of oocytes 
and uteri is required (Stehmann, 2002). Once classification of the degree of maturity 
is obtained for several individuals of a species, the size at 50% maturity can be 
estimated, this is commonly referred to as the length at 50% maturity (Gedamke et al., 
2005). 
With the development of the maturity scales for the skate caught around South 
Georgia, the initial determination of length at 50% maturity was calculated for each 
species of skate using a logistic curve as described by King (1995): 
 
M = 1/(1 + exp(–r (L – Lm)))   Equation 2.1 
 
where M is the proportion of the population that is mature, r is the slope of the logistic 
curve, L is the total length of the fish and Lm is the total length at which 50% of the 
population is mature. Statistical analysis in S-Plus using generalised linear models 
(GLMs) and a Chi-square test allowed the calculation of confidence intervals and 
goodness of fit (Table 3-2). 
 
Table 3-2: Results of Chi-square statistical analysis of goodness of fit by, species and 
sex for maturity 
Species and sex 
% 
Deviance 
explained 
Chi-square 
probability 
Slope of 
curve 
Estimated 
Lm at 50% 
(cm) 
Amblyraja georgiana (mixed) 92.055 0.9775 0.4325 82 
Amblyraja sp. anon (males) 93.803 0.7050 0.3387 96 
Amblyraja sp. anon (females) 88.875 0.9967 0.2766 98 
Bathyraja meridionalis (males) 55.880 0.6389 0.4194 120 
Bathyraja meridionalis (females) 52.884 0.7403 0.1118 128 
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From the total of 916 skate, data for 831 skate were available for the specimens to be 
classified according to their state of maturity (Table 3-3) and these data were used to 
estimate the length at 50% state of maturity for each species (Figures 3-13, 3-14 and 
3-15). 
Table 3-3: Number of skate by species and sex classified for state of maturity 
Species Males (n) 
Females 
(n) 
Amblyraja sp. anon 476 99 
Amblyraja georgiana 107 53 
Bathyraja meridionalis 54 42 
 
Insufficient data were available to produce maturity curves for either sex of A. 
georgiana. Although reasonable numbers of skate were collected, only limited 
numbers were available in the transitional size classes. A generalised estimation of the 
50% maturation with length for A. georgiana was produced by combining the data for 
both sexes (Figure 3-24). This combined data suggests that the total length at which 
50% of the population would be expected to have reached maturity is approximately 
82 cm. 
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Figure 3-24: Estimated maturity curve with + standard error for mixed sex Amblyraja 
georgiana (107 male and 53 female) caught in the toothfish longline fishery around 
South Georgia between 2000 and 2004. Red dotted line, point of 50% maturation 
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Figure 3-25: Estimated maturity curves with + standard error for 476 male and 99 
female Amblyraja sp. anon caught in the toothfish longline fishery around South 
Georgia between 2000 and 2004. Solid red line, point of 50% maturation. Females, 
blue circles and lines; males, red crosses and lines 
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From the available data for A. sp. anon, maturity for 50% of males occurs at 
approximately 96 cm total length and 50% of females reach maturity at approximately 
98cm in total length (Figure 3-25). 
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Figure 3-26: Estimated maturity curves with + standard error for 54 male and 42 
female B. meridionalis caught in the toothfish longline fishery around South Georgia 
between 2000 and 2004. Point of 50% maturation indicated by solid red line. Females, 
blue circles and lines; males, red crosses and lines 
 
Female B. meridionalis appear to have a less dependent relationship between total 
length and maturity. This is suggested by the wide spread in size classes within which 
maturity occurs, with 50% maturity predicted at a total length of approximately 
126 cm. Male B. meridionalis have a comparatively tight range of size classes in 
which maturity could be expected to occur, with 50% of males reaching maturity at a 
total length of approximately 121 cm (Figure 3-26). 
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Data was available for 826 individual skate for sex, stage of maturity and 
geographical position and data were available for 828 individual skate for sex, 
maturity and depth. 
By examining the distribution of these data it was possible to identify areas of 
aggregation of animals at various states of maturity for each species. Within the 
previously identified aggregations of male A. sp. anon it is possible to determine that 
immature male A. sp. anon are widely distributed around South Georgia and Shag 
Rocks (Figure 3-27). Three areas were identified as concentrations of adult males 
(Stage 3 and Stage 4: ‘running’, where sperm is actively produced). These areas were 
north to north-east of Shag Rocks, north of South Georgia and east of South Georgia. 
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Figure 3-27: The distribution of the graduated numbers caught between 2000 and 
2004 by geographical position, for the maturity stages of 475 male and 91 female 
Amblyraja sp. anon 
 
The general distribution of immature female A. sp. anon appears similar to that of the 
immature males, but there appear to be very few females in the area of male 
concentration to the north of South Georgia (Figure 3-27a). There were two prominent 
areas of concentration of mature and egg laying females, one to the east of Shag 
Rocks and one to the east of South Georgia and a further lesser concentration of 
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mature females to the south-east of South Georgia. Within the area to the east of 
South Georgia there are two clearly defined, localised areas of concentration of 
females of mixed maturity. All concentrations of mature female A. sp. anon where 
found to coincide with concentrations of mature male A. sp. anon (Figure 3-27b). 
Distribution of maturity by depth for male A. sp. anon. showed that very immature 
(Stage 1) skate occurred mainly between 1300 and 1600 m with the greatest numbers 
at 1600 m (Figure 3-28). Stage 2 skate had a similar depth distribution to Stage 1; 
however, numbers peaked at 1300 m. Mature skate (Stage 3) were the most numerous 
maturity stage caught with numbers at there highest between 1200 and 1600 m, with 
distinct peak at 1300 m. Stage 4, mature, sexually active skate were found only 
between l100 and 1600 m, with numbers increasing from 1100 m to a peak at 1400 m. 
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Figure 3-28: Distribution by depth of the maturity stages of 475 male A. sp. anon 
caught between 2000 and 2004 (all samples where depth data were recorded) 
 
The distribution of female A. sp. anon by maturity and depth showed that Stage 1 
females have a similar depth distribution to that of Stage 1 male A. sp. anon, 
occurring mainly between 1100 and 1800 m with the greatest numbers at 1300 m, 
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shallower than any other female maturity stage observed (Figure 3-29). Stage 2 
female skate were the most numerous of all the stages caught and were found virtually 
throughout the depth range of females, with numbers peaking at 1400–1600 m. 
Mature female skate (Stage 3), mated skate (Stage 4) and laying skate (Stage 5) were 
most numerous between 1200 and 1500 m. Post-parturition, resting skate (Stage 6) 
were only observed at depths below1400 m extending down to 2000 m, with the 
largest number occurring at 1500 m. 
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Figure 3-29: Distribution by depth of the maturity stages of 98 female A. sp. anon. 
caught between 2000 and 2004 (all samples where depth data were recorded) 
 
The distribution of male A. georgiana around South Georgia suggests that immature 
skate are found predominately around Shag Rocks and to the north of South Georgia. 
However, a small, tight aggregation of immature males was found due south of South 
Georgia (Figure 3-30b). Mature males were present around all of Shag Rocks and 
South Georgia, with the exception of the area to the south-west of South Georgia. 
Sexually active, males were only found around Shag Rocks. 
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The distribution of immature female A. georgiana appears to be very similar to that of 
immature males (Figure 3-30a). The distribution of mature and sexually active 
females appears to be far more localised than that of mature males, with only one area 
of aggregation being identified to the east of Shag Rocks. This area is also an area of 
aggregation of mature and sexually active males. 
 
 
Figure 3-30: The distribution of the graduated numbers caught between 2000 and 
2004 by geographical position for the maturity stages of 110 male and 53 female 
Amblyraja georgiana 
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Distribution by depth for male A. georgiana suggests that juvenile skate (Stages 1 and 
2) have similar distributions with captures generally decreasing with depth from 100 
to 800m (Figure 3-31). Mature males (Stage 3) which made up the largest proportion 
of the males were caught between 300 and 600 m, with the most captures around 
400 m. Mature Stage 4 (sexually active) males were the least caught class and were 
found only between 300 and 500 m. 
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Figure 3-31: Distribution by depth of the maturity stages of 107 male A. Georgiana 
caught between 2000 and 2004 (all samples where depth data were recorded) 
Female A. georgiana of all maturity stages except mature Stage 4 were found between 
100 and 700 m (Figure 3-32). Immature females (Stages 1 and 2) were evenly 
distributed with depth and had a similar range to that of immature males. The numbers 
of mature females (Stages 3 and 4) peaked at 500 m. Stage 5 females were the least 
caught maturity stage. 
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Figure 3-32: Distribution by depth of the maturity stages of 53 female A. Georgiana 
caught between 2000 and 2004 (all samples where depth data were recorded) 
Immature male B. meridionalis (Stages 1 and 2) appear to be widely distributed 
around South Georgia, and to the east of Shag Rocks (Figure 3-33b). Two areas of 
immature male aggregation (Stages 1 and 2) were identified, one to the east of Shag 
Rocks and one to the east of South Georgia. Mature B. meridionalis males were 
relatively evenly distributed along the north and east coast of South Georgia and east 
coast of Shag Rocks. Mature males were present at both areas of immature 
aggregation. 
The distribution of immature female B. meridionalis is similar to that of the males 
(Figure 3-33a). Immature female skate seem to be more numerous to the north-west 
and east of Shag Rocks. Two small groupings of immature skate were found, one to 
the south of South Georgia and another to the east of South Georgia, as seen with 
immature males. 
Mature female B. meridionalis were found, as were the mature males, distributed 
along the north and east coast of South Georgia and to the north-west and east of Shag 
Rocks, with sexually active females found in the areas identified as aggregations. 
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Figure 3-33: The distribution of the graduated numbers caught between 2000 and 
2004 by geographical position for the maturity stages of 54 male and 43 female B. 
meridionalis 
 
Both immature and mature male B. meridionalis have a wide distribution by depth 
from 400 to 1900 m (Figure 3-34) with peak captures occurring between 1200 and 
1400 m. Females have a similar depth distribution to males with immature animals 
extending down to 1900m with a peak rate of capture between 1300 and 1500 m. 
Sexually active (Stage 4) females were caught mainly between 1000 and 1600 m with 
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a peak between 1500 and 1600 m (Figure 3-35) while laying and post-oviparous 
females were found between 1000 and 1400 m. 
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Figure 3-34: Distribution by depth of the maturity stages of 53 male B. meridionalis 
caught between 2000 and 2004 (all samples where depth data were recorded) 
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Figure 3-35: Distribution by depth of the maturity stages of 42 female Bathyraja 
meridionalis caught between 2000 and 2004 (all samples where depth data were 
recorded) 
 
A total of 70 egg capsules were collected, post-oviparity, for two of the three species 
of skate found around South Georgia: 66 from A. georgiana and 4 from B. 
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meridionalis. These egg capsules were brought up, with benthos, by trawls during the 
2003 Ground Fish Survey. A. sp. anon egg capsules have only been collected by 
removing developed capsules from the uteri of captured females. The egg capsules of 
A. georgiana and B. meridionalis were initially identified by removing well developed 
capsules from captured females. The sample size (70 egg capsules), and sampling 
method (trawling), is insufficient to fully examine the spatial distribution of egg 
capsule deposition by skate around South Georgia, but gives some indication of the 
geographical areas and depths where egg capsules are deposited. 
The geographical distribution of the egg capsules shows that oviparity for A. 
georgiana occurs to the south of Shag Rocks, on either side of the gully between Shag 
Rocks and South Georgia and in localised areas to the east and to the south of South 
Georgia. The area to the south of Shag Rocks had the largest number of egg capsules 
for A. georgiana (Figure 3-36). 
 
Figure 3-36: Distribution of 66 egg capsules of Amblyraja georgiana and 4 egg 
capsules of B. meridionalis trawled around South Georgia during the 2003 Ground 
Fish Survey 
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Egg capsules of B. meridionalis were found in two areas, to the east and the south of 
South Georgia (Figure 3-36). 
The distribution by depth suggests that oviparity in A. georgiana occurs in relatively 
shallow waters. There is insufficient data to establish any trend for B. meridionalis 
(Figure 3-37). 
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Figure 3-37: Distribution by depth of 66 egg capsules identified as Amblyraja 
georgiana and 4 egg capsules identified as B. meridionalis from around South 
Georgia, trawled during the 2003 Groundfish Survey. 
Age determination 
Maturation of individuals within a population is considered to be a pivotal event 
within a species life cycle as it is only after this point that individuals are able to 
contribute to the population (Walker, 1998). To allow an estimation of recruitment 
into a population, a knowledge and understanding of growth patterns needs to be 
established (Rossouw, 1984; Kochkin, 1990). 
The techniques used to determine the age of fish are the analysis of the growth of 
vertebral centra, fin rays, spines, other skeletal structures and otoliths, features which 
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increase in size incrementally as the fish grows. However, in elasmobranches there 
are no calcified bones, fin rays, scales or otoliths and the aging of rajiformes, as with 
most other elasmobranch species, has been based upon analysis of band deposition 
within the vertebral centra (Daiber, 1960; Vinther, 1989; Zeiner and Wolf, 1993; 
Walker; 1998) and more recently by examination of banding structures within caudal 
thorns (Gallagher and Nolan. 1999; Endicott et al., 2000; Francis and ÓMaolagáin 
2004; Francis and Gallagher, 2009). For the determination of age from the band 
deposition in thorn and vertebral sections, it is assumed that an annual increment is 
one opaque and one translucent band, 
Although there was not sufficient time to carry out a comprehensive age analysis of 
all of the skate collected in this project, preliminary work was undertaken using 
vertebral centra and caudal thorns from the three skate species caught within the 
fishery. All of the samples used in this work were collected by the author on board a 
commercial longliner during the 1999 and 2000 fishing seasons. 
3.3.5.1  Methodology 
All of the samples were collected and stored as described in Table 2-1 in Chapter 2. 
The samples were cleaned by immersion in hot water to soften the attached tissue and 
enable removal. When the samples had been cleaned they were allowed to dry in a 
warm space. The aging work on these dried samples was contracted to Dr Connor 
Nolan at the University of Dublin, where the preliminary age determination work was 
carried out. The procedure used in Dublin is detailed in Table 3-4.10
                                                 
10 Both vertebral and thorn samples were read once a day for three days by one reader (Dr Connor 
Nolan). It had been planned to involve more readers but this was not possible because of limited time 
and resources. 
 All direct optical 
examinations of the banding patterns within the vertebral sections, whole caudal 
thorns and their external surface sculpturing were carried out using a 
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stereomicroscope with a magnification between × 6.7 and × 40. The samples were 
illuminated, with a fibre optic light source. The thorns were examined dorsally and 
laterally using both transmitted and reflected light. 
During a visit to the University of Dublin in June 2002, the author, together with Dr 
Nolan, prepared a number of vertebral samples using crystal violet solution in an 
attempt to improve the resolution of the banding patterns obtained using neutral red 
solution. This was done using various concentrations of crystal violet solution, 
various immersion times and repeated staining of the vertebral samples (Table 3-4). 
Two samples, one a resin-imbedded, polished cross-section of a caudal thorn and one 
an unstained, sectioned, vertebral centra, were examined using an electron microscope 
to show band resolution with back scatter. 
To investigate the possibility of using X-ray techniques similar to those used by 
Francis and ÓMaolagáin (2004) to examine banding structures within the thorns, X-
ray photographs of thorns were taken at King Edward Point, South Georgia, in June 
2003 using a Siemens Polymobil II medical X-ray machine with Agfa Curix 
HT1.000G NIF Ecopac Medical X-ray film 18 × 24 (BQIIO 1c P132). 
Table 3-4: Preparation of vertebral samples and caudal thorns as carried out at the 
University of Dublin 
 
Vertebrae centra 
- Vertebrae centra were sectioned longitudinally with a bench grinder. 
- The centrum was polished by hand, using progressively finer grades of 
carborundum paper (P620-1200), this was done until a distance of between 0.5 
and 0.25 mm from the absolute centre of the centrum was achieved. Tap water 
was used as a lubricant during the polishing process 
- The polished centrum samples were then embedded in epoxy resign 
- Embedded centra were then ground and polished to a thickness of between 60 
and 90 µm. Small (< 8 mm) and fragile whole centrum were mounted in epoxy 
resign before grinding. 
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- Centrum segments were etched using a 5% solution of ethylene diamine tetra-
acetic acid to enhance the banding. Sections were then submerged for an initial 
period of 20 minutes in a Neutral Red Solution of 3.3 g per litre D-PBS 
(Dulbecco’s phosphate buffered saline). Immersion times varied, depending 
on the species and size of the centra. 
- Where over staining occurred, the staining was reduced using alcohol. Alcohol 
was also used on some centrum to enhance the resolution of the peripheral 
edge banding. 
- The criteria for counting growth increments in vertebral centrum was as 
described by Gallagher and Nolan (1999). 
 
Caudal thorns 
- To enhance the clarity of the banding pattern, thorns were etched in a 5% 
solution of ethylene diamine tetra-acetic acid for periods of 5–10 minutes. 
- Thorns were then immersed in a 1% solution of silver nitrate for a period of 
40–70 minutes, and then exposed to ultra violet light. 
- Thorns were then washed in distilled water for 30 seconds. 
- Thorns were then immersed in a solution of 5% sodium thiosulphate for a 
period of 10 minutes. 
- The criteria used for counting the growth increments within the caudal thorns 
were as described by Gallagher and Nolan (1999) and Endicott et al. (2000). 
 
3.3.5.2  Results 
The stained sections of vertebral centra from all three species showed poorly calcified 
structures, although banding patterns were evident in the majority of the sections 
examined. Band resolution was generally poor, with greater clarity of band resolution 
towards the distal edge of the centra. This was especially true for the larger vertebral 
samples, suggesting that calcium incorporation within the vertebral centrum, post-
hatching, is greater than that occurring pre-hatching. 
Caudal thorns from all three species exhibited distinct phases of growth. Caudal 
thorns of both Amblyraja georgiana and Amblyraja species anon have an embryonic 
proto-thorn or hatching thorn mounted on the thorn shield, forming the apex of the 
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thorn. B. meridionalis caudal thorns were generally found to have an eroded thorn tip 
with no embryonic thorn present. 
All three species displayed what was interpreted as a slow, post-hatching growth 
phase, which appeared to terminate in a distinct discontinuity of thorn deposition after 
5 to 8 growth increments. After this point the growth increments in the thorns of both 
A. georgiana and B. meridionalis increased in width and became relatively uniform, 
before a second depositional discontinuity which was followed by much reduced band 
widths. This change occurred at 10 or 11 increments in B. meridionalis and 11 to 13 
increments in A. Georgiana. It was thought that this may represent the age at maturity 
of these species. 
Although the thorns of A. sp. anon displayed a basic pattern of growth similar to that 
seen in A. georgiana and B. meridionalis, the resolution of growth increments was 
generally poor and was confounded by the fluted surface sculpture of the thorn. The 
thorns of this species are distinctly different in this regard. A more regular pattern of 
deposition with fewer discontinuities also separates A. sp. anon from A. georgiana 
and B. meridionalis. 
In general, depositional increments could be resolved on the caudal thorns of A. 
georgiana and B. meridionalis and confidence in the band count made from these 
structures improved with multiple readings. Conversely, the resolution and confidence 
in counts from thorns of A. sp. anon was generally poor, confounded by the surface 
sculpture and further affected by thorn wear. 
 
From the readings of the bands on the thorn and vertebral sections, where each annual 
increment is assumed to be one opaque band and one translucent band, for the three 
species examined, A. georgiana was found to have the highest estimated age at 25 
years. The R2 values suggest that for both A. georgiana and B. meridionalis vertebral 
sections are the more reliable indicators of the relationship between length and age. 
However, the R2 value for A. sp. anon for both thorn and vertebrae sections suggests 
that there is little difference between the two sample types. Outlying data points were 
observed for all species examined; however, due to the relatively small sample sizes, 
the spread of the data points and the restricted number of readings, it was decided that 
a cautious approach should be taken at this early stage of age analysis and therefore 
all of these data should be included. 
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Even though there are tentative suggestions that vertebrae may be the best predictors 
for age for at least two species, it was decided that both data sets (thorns and 
vertebrae) should be input into von Bertalanffy growth curves (Equation 3-2). Where 
possible comparisons were made between sexes. Figures 3-27 to 3-29 show the 
predicted Von Bertalanffy growth curves and the estimated ages at length, and Table 
3-6 provides the Von Bertalanffy estimated parameters for each species. 
 
Lt = L∞ (1 – exp [–k (t – t0)])    Equation 3-2 
 
Where Lt is length at time, L∞ is maximum obtained length, k is growth rate, t is age 
examined and t0 is length of gestation period (pre-hatching). 
The t0 is species and sex specific and was determined using the known hatching 
lengths of B. meridionalis and A. georgiana. This was done by changing the value of 
t0 until the intercept of the y-axis coincided with the observed size at hatching. The 
only B. meridionalis hatchling observed in this study was 73 mm long . The smallest 
hatchlings of A. georgiana measured 165 mm (male) and 182 mm (female) (Table 3-
1). There were no examples of recently hatched A. sp. anon, so the t0 was created 
using the hatchling lengths of A. georgiana. It was surprising that the B. meridionalis 
hatchling was less than half the length of the A. georgiana hatchlings as mature B. 
meridionalis were the largest animals examined in this study. 
The results of the Von Bertalanffy growth curves for thorns of A. sp. anon suggest 
that females are slower growing than males (Table 3-5) but for the vertebrae growth 
rates there was no obvious difference between females and males (Table 3-5). The 
calculated L∞ for thorns for both male and female A. sp. anon were very close to the 
observed maximum total lengths for the species; whereas the L∞ for vertebrae were 
considerably smaller (Table 3-1). Mixed-sex Von Bertalanffy results for thorn and 
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vertebrae were similar to those for males. This was probably due to the smaller data 
sets that were available for females and the subsequent larger standard errors. 
With the small number of female A. georgiana samples (N = 5), it was not realistic to 
use a Von Bertalanffy calculation to predict parameters for females, but the use of 
combined-sex Von Bertalanffy growth curves was expected to best represent growth 
for both thorns and vertebrae. The predicted growth rate for A. georgiana thorns was 
found to be the fastest for all species, and was almost three times the predicted growth 
rate for vertebrae. This high rate of growth had an associated high standard error 
(0.51), suggesting that the thorn data may not be as reliable as the vertebrae data. 
Comparisons between both thorn and vertebrae L∞ and the observed total lengths 
(Table 3-1) suggested that vertebrae gave the more realistic L∞. 
Von Bertalanffy growth predictions for thorns of B. meridionalis suggest that males 
are the faster growing and the vertebrae results show the females growing faster. The 
thorn L∞ for females (139 mm) was closest to the observed maximum total length for 
females (Table 3-1) while the vertebrae L∞ for males was closest to the observed 
maximum total length for males. 
Mixed-sex data for B. meridionalis for both thorns and vertebrae found that L∞ was 
similar for both growth curves with the growth rate for thorns being slightly faster 
than that for vertebrae (Table 3-5). 
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Table 3-5: Summaries of estimated growth parameters for all three skate species, 
calculated from band readings of thorn and vertebrae samples 
 Sex 
Thorns 
N t0 Linf 
Std 
Error k 
Std 
Error 
Bathyraja meridionalis Mixed 41 –0.46 132.54 10.14 0.17 0.05 
 Male 22 –0.41 123.80 12.24 0.21 0.09 
 Female 19 –0.47 139.15 14.94 0.16 0.06 
        
Amblyraja georgiana Mixed 23 –0.67 89.00 3.85 0.30 0.51 
        
Amblyraja sp. anon Mixed 79 –1.80 115.53 6.54 0.09 0.01 
 Male 56 –1.74 114.53 7.76 0.09 0.02 
 Female 26 –2.00 122.73 12.56 0.07 0.02 
 
 Sex 
Vertebrae 
N t0 Linf 
Std 
Error k 
Std 
Error 
Bathyraja meridionalis Mixed 31 –0.51 135.08 8.92 0.15 0.03 
 Male 16 –0.54 137.27 13.75 0.14 0.04 
 Female 15 –0.43 128.27 10.58 0.19 0.08 
        
Amblyraja georgiana Mixed 21 –1.50 106.06 7.12 0.11 0.02 
        
Amblyraja sp. anon Mixed 64 –1.00 108.28 3.92 0.15 0.02 
 Male 49 –1.13 108.76 4.95 0.15 0.02 
 Female 15 –1.05 110.27 7.21 0.15 0.03 
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Figure 3-38: Estimated growth curves for Amblyraja sp. Anon generated from age 
readings taken from both thorn and vertebral samples: a) thorn mixed sex, b) vertebral 
section mixed sex, c) thorn female, d) vertebral section female, e) thorn male, f) 
vertebral section male 
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Figure 3-39: Estimated growth curves for Bathyraja meridionalis generated from age 
readings taken from both thorn and vertebral samples: a) thorn mixed sex, b) vertebral 
section mixed sex, c) thorn female, d) vertebral section female, e) thorn male, f) 
vertebral section male 
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Figure 3-40: Estimated growth curves for Amblyraja georgiana generated from age 
readings taken from both thorn and vertebral samples: a) thorn mixed sex, b) vertebral 
section mixed sex 
 
These are preliminary results so the calculated growth curves are tentative. The 
predicted age of the youngest animals in random samples taken from the catch was 8 
years for both A. sp. anon and B. meridionalis and if these growth curves are correct, 
they suggest that a length at 50% maturity of 98 cm for A. sp. anon and 125 cm for B. 
meridionalis, both represent an age at 50% maturity of over 15 years. A. georgiana, 
with an estimated length at 50% maturity of 82 cm would have an age at 50% 
maturity of 12 years. 
3.4 Discussion 
The data collected during the course of this study gives an insight into the biology of 
these little known elasmobranch species, although there are now more questions than 
there were before, for example, several studies (Francis and Smith, 2002; Francis, 
2006; Francis and Mormede, 2008) have shown that the A. georgiana population in 
the Ross Sea have an estimated total length at 50% maturity between 91 and 96.5 cm, 
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whereas the combined sex estimated total length at 50% maturity for A. georgiana 
from South Georgia is approximately 83 cm (Figure 3-24), a significantly shorter 
length than that for the skate from the Ross Sea population. 
This study’s findings agree with the findings of Agnew et al. (2007) regarding the 
areas of high skate CPUE. Agnew et al. (2007) found that the east of Shag Rocks 
(areas B2 and B3) and the northwest (C1), north (C2) and the south-eastern (C4) side 
of South Georgia had the highest CPUE for skate (Figure 3-30). Three of these areas, 
east of Shag Rocks and north and east of South Georgia matched the findings of this 
study for A. sp. anon (Figure 3-18) and B. meridionalis (Figure 3-20) , and two areas, 
west of Shag Rocks and northwest of South Georgia matched the findings for A. 
georgiana (Figure 3-19). These findings suggest that these areas are not mere core 
areas of population aggregation but include breeding and nursery grounds, though it is 
clear from this study’s findings that not all the skate species aggregate together for 
breeding or oviparity (Figures 3-27, 3-30, 3-33). 
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Figure 3-41: A map of South Georgia showing the management areas reported by 
Agnew et al. 2007. There are three management areas around Shag Rocks and six 
management areas around South Georgia 
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This study also shows that A. georgiana inhabits the shallower waters (<900 m,) 
around South Georgia with peak numbers occurring at depths between 300 and 500 m 
(Figure 3-22). This result is supported by previous studies by Bigelow and Schroeder 
(1965); Permitin (1969); Stehmann and Burkel (1990); Endicott et al. (2000) and 
Everson et al. (2000). Again these findings do not correspond with the findings from 
the Ross Sea where A. georgiana is found in its ‘greatest relative abundance’ at depths 
of approximately 1000 m (Ballara et al., 2006). These marked differences in depth 
distribution and body size (as mentioned above) raise the obvious question – are 
South Georgia A. georgiana and Ross Sea A. georgiana the same species? Recent 
work by Smith et al. (2008) found that Bathyraja eatonii from the Kerguelen Plateau 
is in fact a separate species to the B. eatonii found on the Antarctic continental shelf 
and slope in the Ross Sea. Similar findings were concluded for Bathyraja maccaini in 
the Ross Sea and B. maccaini in the South Atlantic. 
Amblyraja sp. anon is found at depths below 1000 m, much deeper than A. georgiana, 
with peak numbers occurring between 1200 and 1600 m (Figure 3-21). The limited 
data for A. sp. anon from depths greater than 1600m is due to the limited number of 
lines set at those depths and not the limited presence of skate. There is, however, 
evidence from recent experimental deepwater longline fishing that A. species anon are 
present at depths below 2000 m (personal communication, D. Agnew, 2009). 
Female A. sp. anon were found to peak in numbers at depths significantly deeper than 
males (approximately 200m) (Figure 3-21) and there was an increase in number of 
females caught during the month of July. This was also seen in the overall increase in 
mixed species female skate captures during July (Figure 3-42), where the majority of 
the increased number of females caught were A. sp. anon. This suggests that there is 
movement of female skate from deeper water outside the fished area at that time. 
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Length depth relationships for both male and female A. sp. anon showed negative 
trends with depth (Figure 3-13). This would be expected from and be indicative of a 
population which lives at depths below that currently fished and which moves into 
and out of  water deeper than 2,000 metres at different stages of the life cycle.   
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Figure 3-42: Male captures as a proportion of the total monthly captures of all three 
species of skate in all areas around South Georgia between 2001and 2004 
 
B. meridionalis appears to have the widest depth distribution of the three skate 
species, with examples being caught at depths from 300m to over 1900m, with peak 
captures occurring between 1200 and 1300 m (Figures 3-32 and 3-33). This study’s 
findings extend the depth range reported by Stehmann (1987) and Stehmann and 
Burkel (1990) for B. meridionalis from around South Georgia. This extended depth 
range of B. meridionalis when compared to A. georgiana and A. sp. anon may be due 
to B. meridionalis having more tolerance of temperature gradients. Recent findings of 
Griffiths et al. (2010) on the common skate Dipturus batis found that even though 
cryptic species share overlapping substrates and depth ranges, temperature gradients 
were closely linked to distribution, indicating the distributional thermal tolerances of 
the species. 
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Sex segregation by depth for both Amblyraja species suggests that the peak numbers 
of females occur in deeper water than the peak numbers of males (Figures 3-21 and 3-
22). Chi Square Test results found that there is a significant difference in depth 
distribution between male and female A. sp. anon, where peak female numbers were 
found at depths approximately 200 m deeper than the peak number of males (Figure 
3-21).  The findings for depth distribution for A. georgiana suggest that females peak 
in captures 100m deeper than males (Figure 3-22).  No segregation of the sexes by 
depth was apparent for B. meridionalis. Unfortunately due to the small sample sizes 
for both A. georgiana and B. meridionalis, it was not possible to identify if there was 
a significant difference in depth distributions by sex for either species  
Depth segregation of sexes has been observed in other skate species, for example the 
cuckoo ray Leucoraja naevus where, in the Irish Sea fishery, males constitute the 
majority of the catch (Agri-Food and Biosciences Institute, 2009). This is one of many 
characteristics that make elasmobranch fishes of ‘fundamental scientific interest’ 
(Ellis et al., 2005). 
Some skate species have a well-defined reproductive period, for example A. 
eglanteria, whereas other species such as A. radiata reproduce all the year round 
(Sulikowski et al., 2005). Although reproductive strategies vary between species,  the 
reproductive cycle is generally the same: egg fertilized within the adult female, egg 
encased in a capsule within the adult, capsule released onto the ocean bed, egg 
hatches and develops in the capsule, juvenile of adult form released from the capsule, 
juvenile grows to adult skate (Walker, 1998). 
Data from research trawls during the Ground Fish Survey in January 2003 (in the 
summer), found that A. georgiana develops oviparity at depths < 600 m while B. 
meridionalis appears to ovulate at depths > 600 m. Mature A. georgiana in breeding 
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condition were also caught during the winter fishing season from May to August 
suggesting that this species may either have a partially defined annual cycle with two 
peaks (winter and summer) or reproduction may occur throughout the year. 
The Ground Fish Survey research trawls were unable to access the deep water species 
A. sp. anon, but egg development and post-oviparity resting is observed in specimens 
caught at depths > 1000 m during the winter fishing season. Male A. sp. anon were 
found to be producing sperm during the fishing season. Other studies have suggested 
the mature, reproductive male skate may be capable of continuous reproduction 
Sulikowski et al. (2004). The localised nature of the aggregations observed for A. sp. 
anon and the behaviour of the few known examples of tagged and recaptured skate 
suggest that A. sp. anon may have a limited, well defined reproductive period which, 
unfortunately, coincides with the fishing season. This combined with the increased 
female presence during the month of July, compared to the rest of the fishing season, 
over the four successive years studied suggests that A. sp. anon is most likely to have 
a partially defined annual cycle with two peaks, one occurring during the summer 
months and one in winter. At this stage due to lack of data it would also be reasonable 
and cautious to assume that B. meridionalis has a similar breeding behaviour as A. sp. 
anon, and not a continuous breeding cycle throughout the year. 
Although no data are currently available on the fecundity of the three skate species 
examined, it would be reasonable to assume that all three species have relatively low 
fecundity due to the low average seabed water temperatures, in the region of 1.5–2°C. 
Sea bed water temperatures taken by the author using Tiny Tag temperature data 
recorders attached to longlines set during 2003, indicated that there was little 
fluctuation (probably less than 1.5°C) in bottom sea bed temperatures during May and 
June. Work by Berestovskii and Zelentsy (1994) suggest that water temperatures at 
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these levels can have a profound effect on the length of gestation time post-hatching, 
which may be extend from months to several years (up to 6 years). Variation in length 
of the gestation period is known to vary significantly even between very closely 
related species such as the winter skate (L. ocellata) which has an estimated gestation 
of between 18 and 22 months, whereas the little skate (L. erinacea) is thought to have 
a gestation of 6–9 months (DFO, 2005). 
Only one clearly defined location was found for any of the three species caught within 
the fishery which would appear to be of any major significance in breeding, mating 
and nursery ground. This was the area due east of South Georgia where A. sp. anon 
males and females where found in large numbers of various maturity stages, including 
females producing egg capsules and in the resting stage (post-oviparity). 
Less defined, apparently looser aggregations were observed for both A. georgiana and 
B. meridionalis, but this may be due to insufficient data. There is sufficient evidence 
from maturity distributions (Figures 3-30, 3-33) and egg capsule recoveries (Figure 3-
36) to consider that these two species may not have a specific  residence/ nesting area 
such as observed for A. sp. anon, making the use of residence protection for these two 
skate species non-applicable. 
 
Maturity stage by depth also suggests that there is migration of female A. sp. anon 
from deeper water for mating and oviparity, as shown by a peak in numbers seen at 
1500 m, 200 m shallower than for the other maturity stages (Figure 3-29). This  
supports the idea that the increased number of females caught during the month of 
July is due to vertical movement onto nursery grounds. It is possible that young skate 
stay on these nursery grounds  until they are an age or size where they move down to 
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deeper water. This downward movement in depth may be due to an ontogenetic shift 
in diet, similar to that found in A. georgiana by Main and Collins (2009), where 
younger skates where found to have a higher proportion of amphipods and 
polychaetes within the diet, where the older, larger skate were found to have a much 
larger composition of teleosts. 
No directed study of skate diet has been undertaken around South Georgia: however, 
Everson et al. (2000) noted that both crustaceans and fish were prominent in skate 
stomach contents. Everson et al. (2000) also noted that small skate11 were feeding 
predominantly on crustaceans, whereas the larger skate were feeding mainly on fish12
Main and Collins (2009) found that A. georgiana is an opportunistic feeder, with 
ontogenetic shifts in diet. Young skate have a diet with a high proportion of 
amphipods and polychaetes, while older skate eat a larger proportion of teleosts. It is 
possible that A. sp. anon has a similar feeding behaviour to A. georgiana, as an initial 
examination of the stomach contents of older animals indicates that these deep water 
skate have similar prey types of teleosts, crustaceans and polychaetes. 
 
Other studies of skate diet have noted correlations in feeding patterns between the 
prey and the size of skate (Gallagher, 2000) and especially the strength of the jaws 
(Smale and Cowley, 1992: Ellis et al., 1996). For some skate species changes in prey 
type have been observed for juveniles and adults of the same species, where the 
juvenile diet consists of molluscs and small crustaceans and the adults have a semi-
pelagic diet of larger prey which often includes teleosts (Gallagher, 2000). These 
predation patterns are attributed to the relationship of skate size to prey size, as small 
                                                 
11 Raja georgiana smaller than 800mm in total length (Everson et al, 2000) 
12 No skate smaller than <590mm in total length were found to have consumed fish (Everson et al, 
2000) 
  
 144 
skate are unable to prey on large prey animals, whereas larger predators prefer larger 
prey (Ellis et al., 1996). 
Although some skate do take active epibenthic prey, the actual method of capture is 
unknown (Smale and Cowley, 1992). It is assumed that at least some offal is 
scavenged from commercial fishing vessel discards (Templeman, 1982; Smale and 
Cowley, 1992). A survey in 2000 around South Georgia, investigating scavenging by 
mega benthos using baited cameras, observed two skate species displaying interest in 
the bait; however, the bait was not taken (Yau et al., 2002). Evidence of scavenging 
behaviour by skate was found by the author when the pectoral and caudal fins of 
toothfish13
In shallow waters skate are nocturnal feeders, depending on smell and 
electroreception for food detection (Gallager, 2000). The limitation of nocturnal 
feeding may not apply to skate which live at depths with greatly reduced or no light, 
below the euphotic zone or below 1000 m where sunlight does not penetrate (Brown 
et al., 1995). It has been noted above that the majority of skate caught around South 
Georgia came from depths below 1000 m (Endicott et al., 2000) 
 were found in the stomachs of skate caught within the toothfish longline 
fishery around South Georgia (Endicott et al. 2000). The vast majority, if not all of 
the skate caught, as by-catch, in the toothfish longline fisheries in the Antarctic 
Oceans are caught in the act of scavenging either pelagic fish or squid. 
In areas with high concentrations of skate, the skate can have a significant impact on 
other benthic organisms because of the increased competition between the skate and 
other benthic predators. It may be that the areas with high concentrations of skate 
(Figures 3.18–3.20) are also areas with a high concentration of prey. If this is not so, it 
                                                 
13 Pectoral and caudal fins are removed as part of the product processing of toothfish performed on 
board the vessel and discarded (Endicott et al,2000). 
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would suggest that the high concentrations of skate are only transient in the area and 
are not feeding. During a study of the diet of A. georgiana undertaken by Main and 
Collins (2009), they found two mature female skate which had empty stomachs with 
egg capsules in development and due to be laid. Main and Collins suggested that this 
may have been due to the fish temporarily ceasing eating during oviparity although 
the capture, on longlines, of laying and post-parturition female skate tends to negate 
this view. 
As mentioned earlier in the discussion the estimated total length at 50% maturity for 
mixed-sex A. georgiana was 83 cm, significantly smaller than that estimated for the 
Ross Sea A. georgiana population (Francis and Smith, 2002; Francis, 2006; Francis 
and Mormede, 2008). The latest age estimations for the Ross Sea A. georgiana by 
Francis and Gallagher (2009) determined, by the examination of fine layers within 
caudal thorns, that 50% maturation occurs at about 20 years of age and that the 
maximum age is between 28 and 37 years; whereas an earlier study (Francis and 
ÓMaolagáin, 2004) had determined an estimated age at 50% maturity of 6–7 years 
and a maximum age of 14 years. Preliminary ageing work undertaken in this study 
using vertebral sections suggests that South Georgia A. georgiana  reach maturity at 
around 12 years of age. A growth rate (k) of 0.11 was estimated for the South 
Georgian A. georgiana, this was somewhat higher than that estimated for the Ross Sea 
examples; however, this growth rate is comparable with other Rajidae species with 
similar depth ranges, such as R. clavata (k = 0.10; Serra–Pereira et al., 2005), R. 
brachyura (k = 0.12–0.19, R. montagui (k = 0.18–0.21) and A. radiate (k = 0.17) (Fish 
Base, 2010). 
At time of writing, to the best of the author’s knowledge there was no other 
comparable ageing or growth data available for either A. sp. anon or B. meridionalis. 
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Aging results show that A. sp. anon and B. meridionalis reach maturity at 
approximately 15 years of age. In A. sp. anon this is at a total length of approximately 
96 cm for males and 98 cm for females, while in B. meridionalis maturity was 
estimated to occur in males at a total length of about 121 cm and a total length of 
126 cm in females (Figure 3-25). The estimated growth rates from caudal thorns for 
A. sp. anon were similar to those estimated for A. georgiana from the Ross Sea 
(k = 0.09 for males and 0.07 for females; Table 3-5), while estimates from vertebral 
sections were higher (k = 0.15 for males and females; Table 3-5). B. meridionalis was 
found to have the fastest estimated growth rate of the all the three species examined in 
this thesis, with growth coefficient from caudal thorns (k = 0.21) being the fastest rate 
(Table 3-5). 
3.5 Conclusion 
 B. meridionalis was identified as the largest and heaviest skate caught within the 
fishery and A. georgiana was found to be the smallest and lightest.  All three skate 
species have a wide geographical distribution around South Georgia. Of the two 
Amblyraja species, A. sp. anon has the greatest depth distribution from approximately 
1000m to deeper than 2000m with female A. sp. anon having a deeper depth 
distribution than males. 
 A. georgiana on the other hand, occupies much shallower water than A. sp. anon,  
between 100m to 800m deep.  No significant difference was found between the depth 
distributions of the sexes of A. georgiana, although this may be due to the relatively 
small sample size.  
B. meridionalis has the greatest depth range of the three species, with captures from 
300m to over 1900m. No differences in depth distribution were found between the 
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sexes of B. meridionalis, although this again may change as new data becomes 
available.  
A. georgiana has a combined sex length at 50% maturity of 82 cm, approximately 
 14 cm less than A. sp. anon males at 96 cm total length and 16 cm less than A. sp. 
anon females at 98 cm total length. Length at 50% maturity for male B. meridionalis  
has a comparatively tight range around 121 cm. Female B. meridionalis  has a less 
defined size range at 50% maturity, with an estimated length of 126 cm. 
 Although the selectivity of longlining excludes the capture of small hatchlings and 
juvenile skate of all three species, it was possible to use geographical mapping of 
sexual maturity stages to identify specific areas of significant importance as mating, 
breeding and nursery grounds. For A. sp. anon, these areas are due east of South 
Georgia and to the north of Shag Rock, with  loose, and less well defined aggregations 
of  A. georgiana and B. meridionalis found to the north-west and north-east of Shag 
Rock respectfully. 
Changes in the male to female ratio of A. sp. anon caught over the four month fishing 
season suggest that female A. sp. anon move into  the fished areas from deeper waters 
(below 2,000m) in  July for mating  and oviparity, then return to deeper water.    
Preliminary age (vertebral) and growth analysis suggests that A. georgiana reaches 
maturity at approximately 12 years of age with a growth rate (k) of 0.11.  Both A. sp. 
anon and B. meridionalis reach maturation at approximately 15 years of age, with B. 
meridionalis estimated to have the fastest growth coefficient (Caudal thorn) at k = 
0.21.  The highest growth rates for A. sp. anon were calculated from vertebral 
readings at k = 0.15 for both males and females, whilst estimated growth rates from 
  
 148 
thorn readings were slower, with growth rates of k = 0.09 for males and k = 0.07 for 
females.     
This chapter has set the scene in terms of the biology of the three species of skate 
considered in this study. The next chapter will look at methods of reducing the 
mortality of skate, in particular, methods of increasing the survival of skate discarded 
in the fishery. 
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4 Post-capture Survival of Discarded Skate 
4.1 Introduction 
Knowledge of the post-haulage survival of Rajidae from the longline fishery around 
South Georgia is limited. The only information available relates to the preliminary 
findings of a survival experiment reported by Endicott et al. (2000). These findings 
suggest that skate hauled from depths of less than 500 m have a better chance of 
survival than those hauled from greater depths. Endicott et al. (2000) also noted, 
through direct observation, that numerous injuries, such as damaged jaws, ripped 
musculature and externally prolapsed intestines, are attributable to capture and 
subsequent handling. These injuries are likely to affect the ability of the skate to 
survive after haulage. 
Findings by Francis and Smith (2002) from tagged skate recaptures in the Ross Sea, 
and the more recent findings from South Georgia (see Chapter 3), indicate that skate 
can survive being captured and released from longlines. It has also been observed in 
recaptured skate from the Ross Sea that many skate have had almost complete healing 
of the hook damage to the jaw from the previous capture (Fenaughty, 2008). 
However, preliminary findings by Endicott et al. (2000) suggest that this is not the 
case for the majority of skate by-catch in the longline fishery around South Georgia. 
Furthermore, the Francis and Smith (2002) study was linked to a tagging programme, 
in which only skate that were alive and undamaged were selected, with animals 
deemed not fit for tagging being discarded. This means that a potentially large, injured 
proportion of the population was not included in the study and would have an 
unknown survival rate after hauling and release. 
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As part of the continuing commitment by the Commission for the Conservation of 
Antarctic Marine Living Resources (CCAMLR) to safeguard the habitat and ecology 
of Antarctic and sub-Antarctic waters, conservation measures are continually being 
revised. During the meeting of CCAMLR’s Working Group on Fish Stock 
Assessment (WG-FSA) in October 2002, methods of reducing skate by-catch were 
debated (CCAMLR, 2002). It was recommended that, whenever possible during 
longlining operations, live skate and rays should be cut from the line while still in the 
water. It was also recommended that scientific observers monitor the numbers of skate 
being caught and cut off the line. 
This chapter describes an experiment conducted by the author during May and June 
2003 to determine what the post-capture survival rate of skate might be when they 
were cut off the line at water surface level. 
4.2 Survivorship experiment methodology 
During 2003 an experiment was designed to investigate the survivorship of skate 
caught by the Spanish line method in the South Georgia fishery. A circulating 
seawater tank system, designed to maintain skate at seawater temperatures for 12 
hours or more to establish their long-term survivorship potential, was installed on 
board a single fishing vessel, the Isla Sofia. 
Skate were selected for the survivorship experiment from lines at a variety of 
locations and depths. Live, undamaged skate were removed from the hauled longline 
and kept in ‘environmental’ tanks for a period of up to 12 hours. A wide range of data 
were collected including: the hauling conditions of each line where skate were caught 
and used in the experiment, data from the operating conditions of the environmental 
tanks, and biological data of each skate used in the experiment: 
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i) Data collected from hauls where skate were captured and used in the post-
capture survival experiment: 
• Haul number 
• Depth of capture in metres recorded at time of landing on the vessel 
• Average swell height (in metres) throughout the duration of the haul 
• Average sea height (in metres) throughout the duration of the haul 
• Average air temperature during hauling (degrees Celsius). 
ii) Data collected for individual skate before being placed in the tank and 
throughout monitoring period: 
• Position of capture of the skate on the hauled longline: 
o Beginning 
o Middle 
o End 
• Method of removal of the skate from the hauled longline: 
o Cut off the line while the skate is still in the water 
o Cut off the line when the skate has been hauled from the water 
• Tank in which skate was placed 
• Tank water temperature throughout the monitoring period 
• Skate condition during the monitoring period. 
iii) Biological data14
                                                 
14 All biological measurements made in centimetres were made to the nearest 0.5 cm. 
 and notes for each live skate, recorded at the end of the 
monitoring period, prior to release: 
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• Species of skate 
• Sex 
• Weight (kilograms) 
• Total length (centimetres) 
• Disc width (centimetres) 
• Condition of skate during and at the end of the experimental period 
• Notes on observed injuries taken at the end of the experiment. 
iv) Biological measurements and notes made, post-mortem, for the dead 
skate: 
• Teeth row count on both the top and bottom jaw 
• Disc length (centimetres) 
• Clasper length: males only (centimetres) 
• Tail length (centimetres) 
• Maturity. 
 
Tanks and water circulation 
Eight insulated environmental tanks15
                                                 
15 For the purpose of this study, ‘environmental tanks’ refers to the insulated polyethylene tanks used to 
provide a stable, sustainable environment at sea-surface conditions for skate on the foredeck of the 
vessel. 
 (Figure 4-1) were installed on the foredeck of 
the fishing vessel. Insulated tanks were used because of the extremely cold conditions 
that would be experienced during the course of the experiment. The tanks were made 
with double walls of rigid polyethylene in-filled with polyurethane foam. The tanks 
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were fitted with lids of the same construction. The lids had an access hatch to allow 
the placement, removal and inspection of the skate. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-1: Diagrammatic representation of an environmental tank, indicating the 
internal dimensions used to establish the internal volume 
 
Prior to installation on the fishing vessel, a test was undertaken to determine whether 
the insulation of the tanks would be sufficient for the application or whether more 
insulation would needed. During this test a tank filled with seawater, with a lid in 
place, was subjected to extreme external temperatures (within a blast freezer) from 
0°C to –17°C. Throughout the test the water temperature within the tank and the 
external air temperatures were monitored. Over a 24-hour period the static water 
temperature in the tank fell by 2°C, with a temperature difference between the water 
and outside air of 20°C. The results of this experiment indicated that additional 
insulation of the tanks would not be needed, as the ship-board tanks would be filled 
from an open water circulation system. 
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Water circulation and calibration 
Once in place on the foredeck of the fishing vessel, the tanks were fitted with a fresh 
seawater supply fed by the ship’s fire hydrant system, allowing a continuous flow of 
water to be pumped through the tanks. The inlet for the fire hydrant pump was 
approximately 4 m below the sea surface. To accommodate the layout of the tanks 
(Figure 4-2) and the availability of only one hydrant on the foredeck, two spur lines 
were taken from the hydrant to supply water to the tanks (four tanks to each spur). To 
ensure that there was an adequate flow of water through the tanks, the water was fed 
into the bottom of the tank with an overflow at the top of the tank. 
 
Figure 4-2: Diagrammatic representation of the water circulation for the eight tanks 
used in the skate survival experiment during April and June 2003 aboard the fishing 
vessel Isla Sofia 
 
It was noticed during the initial test filling of the tanks that there were unequal filling 
rates. The tanks at the beginning of each spur were filling faster (nearest the mains 
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supply) than the tanks at the end of each spur. To overcome the flow rate 
discrepancies between the tanks, valves were fitted to the inflow pipe connected to 
each tank. This permitted the flow rates to each tank to be individually adjusted. The 
adjustment of the flow rates to the tanks could not be done at sea because of the 
vessel’s motion, so it was decided that the calibration would be undertaken at 
Cumberland Bay, South Georgia, where sea conditions were calm enough to 
undertake this work. 
Prior to the adjustment of the flow rates, all of the tanks were cleaned both inside and 
out with detergents to remove any toxic residues and then flushed with sea water for a 
period of 48 hours. The equalisation of flow rates into each tank involved a simple 
process of adjusting the flow rates to the tank progressively using the stop valves. The 
tanks nearest the main supply had the most restricted flow rates and tanks at the end 
of each spur the least. The tanks were deemed to have equal water flow rates when all 
eight tanks were observed to have water levels that were constant for a period of 30 
minutes. 
To estimate the flow rates into each tank, it was necessary to establish the total water 
outflow from all eight tanks. This was done by measuring the time taken to fill a 14-
litre container. Twenty measurements were taken, with an average time of 7.4 seconds 
(to fill 14 litres), giving a flow of 6800 litres/hour flowing from the eight tanks and an 
estimated flow of 850 litres/hour passing through each tank (14 litres/minute). 
The internal tank dimensions were used to establish the capacity (Figure 4-1). 
However, the height of the water within the tank was used (not the internal tank 
height), giving the capacity of each tank as 670 litres. This capacity, together with a 
flow rate into each tank of 850 litres/hour, meant that the water within each tank was 
replaced approximately every 47 minutes (1.3 times in every hour). 
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Temperature logging at depth during hauls 
During several hauls, sea water temperatures were taken at depth using data loggers16
Selection of hauls 
 
attached to the main longline. This established the temperatures that skate were being 
hauled from and the changes in temperature experienced throughout the hauling 
process. 
It was intended that, throughout the duration of this experiment, hauls would be 
selected by depth, with 10 hauls being chosen from each depth range (< 500 m; 500–
1000 m; 1000–1500 m; and > 1500 m) at different geographical positions around 
South Georgia. The rationale for the different depth ranges was to examine whether 
depth affected post-capture survival. However, this was not possible for two reasons: 
1) the fishing strategy employed by the fishing master was generally depth specific, 
with only a few hauls in relatively shallow or extremely deep waters, although fishing 
was geographically distributed around South Georgia; 2) the number of captured skate 
was very low, with no captures for many of the hauls undertaken during the 
experimental period. This increased the need to retain more skate where possible. 
It was therefore decided that, in order to obtain a sufficient sample, any haul where 
skate were brought to the surface would be included in the experiment, with the 
exception of those periods when weather conditions compromised crew and observer 
safety. 
                                                 
16 All the loggers used throughout the experiment were Gemini Tiny Tag data loggers, recording 
temperature every minute during the activation period. These loggers were time activated to start an 
hour after the setting of the longline, and the recording of temperatures would occur when the longline 
was on the bottom. They remained active until retrieved. This data would show the temperature ranges 
skate were exposed to throughout the hauling process. Comparisons could also be drawn between sea 
bottom temperatures and surface temperatures. 
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Selection of skate 
In the early stages of the experiment, changes were made to the selection of skate 
numbers and handling methods because of unforeseen problems encountered during 
the data collection stage. Ideally, hauled lines would have been subdivided into three 
time periods (beginning, middle and end) determined by the estimated time for 
hauling. Within each of these time periods a generated randomised table would be 
used to indicate when a skate should be collected from the line. The aim was to retain 
a maximum number of four skate per haul, and to be able to investigate the influence 
of the position of the skate on the line on their subsequent survival. 
This system of randomised sampling did not work, as the number of captures was not 
consistent along the line, and when captures were made the numbers were relatively 
low. As a result of the author’s previous experience of the unpredictability of skate 
capture within the longline fishery, a pragmatic approach was taken and skate were 
removed from the hauled longline when they appeared on the line. It was felt that this 
modification to skate selection would not significantly influence the outcome of the 
experiment, as there were several major factors that were not under the control of the 
data collector. These factors were the depth of capture, position of fishing, weather 
conditions, number of skate caught on the line, position of capture within the line, 
species caught, and the sex and maturity of individual skate. On completion of the 
haul, the experiment continued for those skate that had been selected, even if the 
maximum number of skate had not been collected. 
To examine the effects on survival of the removal methods of the skate from the line, 
two further selection criteria were used: 
1) Cutting skate off the line before removal from the water. Skate were netted 
and cut from the longline before being pulled out of the water. To facilitate 
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this operation the hauling of the line was stopped until the skate had been 
removed. This form of handling appeared to reduce some of the more obvious 
injuries (e.g. ripped musculature, broken jaws), as the body weight of the skate 
was still supported by the surrounding water (Endicott et al., 2000). 
2) Cutting skate off the line after removal from the water. Skate were cut from 
the hauled line to drop into the dip net only after they had been lifted out from 
the water, with their full weight on the point of hooking. Where skate were 
observed to drop from the line under their own weight, the dip net was used to 
retrieve them. 
The selection of skate cut off before removal from the water, and skate cut off after 
removal from the water was to be alternated between skate caught as indicated below: 
Line 1
1) in water 
  Skate cut off line: 
2) out of water 
3) in water 
4) out of water. 
Line 2
1) out of water 
  Skate cut off line: 
2) in water 
3) out of water 
4) in water. 
Whenever possible, the methodology outlined above was used for the removal of 
skate from the line. The alternation of skate ‘cut off the line’, however, was not 
physically possible as the ability to cut skate off the line in the water was frequently 
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prevented by weather conditions causing heavy seas, with the resultant safety 
concerns due to the erratic movement of the vessel. 
As previously stated, skate captures were extremely low, with no skate caught for 
many of the hauls. This together with the problems of removing the skate from the 
line could have jeopardised the experiment’s viability though lack of sample numbers. 
This did not become immediately apparent as it was usual to encounter days when no 
skate were caught. However, as time passed and the number of skate caught remained 
very low, it became obvious that a number of changes in the selection of skate would 
have to be made if a statistically useful data set was to be collected. It was decided 
that the restriction of a maximum of four skate per haul would be dropped, allowing 
the number of skate collected from a line to be determined be the number of empty 
environmental tanks available. It should be noted that up to this point very few hauls 
had more than four skate. 
Handling the skate 
When selected, the skate were removed immediately to an environmental tank, where 
they remained for the duration of the experiment. This reduced the length of time the 
skate were exposed to low air temperatures, thus reducing stress. 
To further reduce the physical damage that could occur during handling prior to 
immersion in the environmental tanks, all skate were removed from the water with a 
dip net and, when the skate was landed, it was placed in a carry net for transport to the 
tank. 
Confinement of skate and observations during captivity 
As previously stated, various data were recorded for each individual skate at the time 
of placement in the environmental tank: haul number, depth, time of placement in the 
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tank, species and sex. Once the fish was in the tank, water temperature readings in the 
tank were taken throughout the experimental period using a data logger17. Each skate 
was kept in the environmental tank for a period of up to 12 hours. Observations of the 
animal’s condition were made at the time of placement in the tank, after 6 hours and 
12 hours. It was originally intended to observe the captive animals hourly, but this 
was not physically possible18
Two possible outcomes were recorded in the experiment: 1) animals die within the 
12-hour observation period, and 2) animals are still alive after the 12-hour period. 
During the initial stages of the experiment, it was decided that criteria to establish 
whether a skate was dead or alive were needed because of difficulties in determining 
the condition of skate (Table 4-1). 
. 
Table 4-1: Criteria used to establish the mortality of skate; a combination of more 
than one the following criteria was used to establish skate mortality 
I No movement of the spiracles 
II No response to external stimuli 
III No eye response to touch 
IV Gill colouration: a ruby red colour in live animals and a pale pink or white in dead 
animals 
V When removed from the tank, live animals will arch back and may curl into a ball. 
Normally, muscle movement will also be seen in the gill area in live animals. 
Common reactions observed in live skate: pectorals and tail curl under the body in 
a protective pose, or the tail may be arched upwards, similar to that of a scorpion 
                                                 
17 Tiny Tag Data Loggers were used to monitor the water temperature of each tank during each 
experiment, enabling comparisons to be made between mortality and water temperatures for fish taken 
from the same haul and subsequent hauls. 
18 During this study, only one person was making the observations, but the skate were being hauled 
throughout the 24-hour period. Therefore, realistically, it was not possible to maintain hourly cover 
over the 24-hour period. A decision was made to create an achievable observation period that still 
permitted the collection of data. Skate were observed on placement in the tank, after 6 hours of being 
placed in the tank and again at 12 hours on completion of the experiment. 
  
 161 
Skate that did not survive the duration of the experiment were removed from the tank 
for a post-mortem examination (as described in section 4.2) noting the time of death 
(before or after the observation at 6 hours). 
Skate that survived the 12-hour period in the tank were released alive (by dip net) 
after being measured: total length, disc length, clasper length (if male), and weight 
(using spring scales). When weather permitted, skate were tagged with ‘Peterson 
discs’ and marked with oxytetracycline.19
Survival estimates for skate post-haulage 
 
To predict long-term, post-release survival rates, it was necessary to create a survival 
scale for all skate examined in this study. Consideration was given to animals that 
survived the full 12 hours of the experiment but had injuries caused by capture and 
handling or appeared to have made only a limited recovery after hauling. All skate 
were examined upon the completion of each experiment and categorised by the 
seriousness of injures and their observed state of recovery, both of which were 
deemed likely to affect their survival upon release (Figure 4-3). 
Analysis 
Data were analysed using generalised additive models (GAMs) and generalised linear 
models (GLMs) in S-plus statistical software (Venables and Ripley, 2003). 
Survivorship of skate caught in shallow water 
During 2003 the author participated in the 2003 UK groundfish survey around South 
Georgia. This provided the opportunity to study the condition and survivorship of 
                                                 
19 Oxytetracycline is used to chemically mark for growth, i.e. if a marked skate is re-captured, any 
growth that has occurred since marking can be identified. 
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skates recovered from shallow water by a trawl (Endicott, 2003), in contrast to deep 
water by longlines, which are the main subject of this chapter. 
 
Figure 4-3: Post-release survival categories of skate caught and released 
1. 100% expected mortality post-release: 
a) Skate died within the 12-hour period after 
hauling. Skate were alive after the 12-hour 
observation period in the tank; however, injuries 
were observed which were considered life-
threatening. Examples of injuries: smashed 
mouthparts, prolapsed intestines, severely ripped 
mussels in the oesophagus and mouthparts. 
b) Skate were barely alive upon completion of 
experiment. Either there had been no change 
since being placed in the tank or there had been 
an obvious deterioration in the condition of the 
skate throughout the experiment. 
 
 
 
  
 
2. 50% expected mortality post-release: 
a) Skate were alive, with limited activity, after 12 
hours in the tank On examination they appeared 
to have injuries that were not deemed to be 
immediately life-threatening. Nevertheless, the 
injuries were serious enough to possibly reduce 
survival post-release. Examples of injuries: large 
areas of ripped soft tissue in the oesophagus and 
mouthparts, and small areas of ripped muscle. 
b) A significant increase in activity was observed 
since placing skate in the tank, suggesting a 
recovery from the shock of hauling, with further 
recovery occurring post-release. 
 
 
 
 
 
3. 100% expected survival post-release: 
a) Skate were alive and active after the 12-hour 
observation, with minor injuries not thought to be 
life-threatening. Examples of injuries: small 
areas of ripped tissue and muscles of the pectoral 
fins; hook puncture wounds in the soft tissue of 
the mouthparts. 
b) Skate were actively swimming around the tank 
at the end of the 12-hour observation, with no 
obvious injuries. 
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4.3 Results 
Descriptive statistics 
A total of 102 skate were placed in tanks over the experimental period (Table 4-2). 
All three skate by-catch species were caught during this experimental period: 
Amblyraja georgiana, A. sp. anon and Bathyraja meridionalis (Table 4-2). A. sp. anon 
was the most abundant skate species caught, with a total of 95 individuals, with 
limited numbers of A. georgiana and B. meridionalis be, so a comparison of survival 
rates between species was not possible. Therefore for the purposes of this study, only 
data for A. sp. anon have been analysed. 
Table 4-2: Descriptive statistics of skate species retained for survival experiments 
(May and June 2003) 
 
Of a total of 95 A. sp. anon caught in the experiment, 53 (56%) were still alive after 
the 12-hour monitoring period. However, of these, only 24 were judged to be in 
Category 3 (see Figure 4.4: 100% survival post-release likely), 16 were in Category 2 
(50% survival likely) and 13 were in Category 1 (post-release survival extremely 
unlikely). Adjusting the number of survivors to take account of these limitations gives 
an expected total of 32 surviving animals from the original 95 (all those animals in 
Category 3 plus half those in Category 2: 34% survivorship). 
 
Skate Species 
Males 
Number Min 
length 
(cm) 
Max length 
(cm) 
Mean length 
(cm) 
Mean 
weight (kg) 
 
12-h 
survival 
Amblyraja georgiana 1 34 34 34 9 100%  
Amblyraja species anon 63 69 116.5 98.1 8.7 68%  
Bathyraja meridionalis 1 143 143 143 14 100%  
Total males  65     69%  
 Females 
Amblyraja georgiana 0      
Amblyraja species anon 32 69 117 97.4 9.3 34% 
Bathyraja meridionalis 5 100 137 121.2 10.2 40% 
Total females  37     35% 
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Two datasets were constructed taking into account the above adjustments to expected 
long-term post-release survival rates, based on the survival categorisation of skate in 
Figure 4.4. Dataset 1 examined proportional survival rate of skate on a haul-by-haul 
basis (29 hauls in total), where the average reading of each variable being examined 
was used for each haul. Variables examined for causal significance in proportion to 
survival were: depth of captures; air temperature and sea conditions (ranking on the 
Beaufort scale). Dataset 2 examined the post-haulage survival of individual skate (95 
individuals). Variables examined in this data set were: sex, maturity, total length, 
method of removal, position on the line, air temperature, depth and sea conditions 
(Beaufort scale). 
Dataset 1 
Initial examination of the data established that depth of capture was an important 
determinant in post-haulage survival. Unfortunately, because the vessel operations 
were mainly directed at deepwater fishing for toothfish, 27 hauls were deeper than 
1100 m and only one was shallower, at 746 m. This shallow haul caught only one 
skate that could be used in the survival experiment and, because of the difficulty of 
interpreting the results of this single haul in terms of a general survival of skate caught 
in shallow water, the analysis was restricted to hauls from greater than 1100-m depths. 
(94 animals; Figure 4-4). 
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Figure 4-4: Results of survivorship experiments for Amblyraja sp. anon 
 
The importance of various factors was investigated with GAMs and GLMs. The 
structure of the GAM was: 
P ~ µ . αdepth .  βwind speed . γtemperature . ε  Equation 4-1 
 
where P was the probability of survivorship within the group, weighted by the number 
of skate in the group, µ is mean survivorship and α, β, γ are parameters associated 
with continuous variables depth, wind speed and temperature, each of which was 
fitted to the binomial model with a spline function. Weighting in the GAM/GLM was 
by number of skate in the haul experiment. Initial investigation of the data using a 
GAM with a spline on depth established that a three-order polynomial was a good 
approximation for the depth function, whereas linear models were appropriate for the 
temperature and wind-speed functions. 
A GLM was constructed therefore using the polynomial on depth, but linear fits to 
temperature and wind speed: 
P ~ µ + poly(αdepth, 3) + βwind speed + γtemperature + ε  Equation 4-2 
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In both the GAM and GLM, depth was the only significant parameter (Table 4-3). 
There was no difference in the fit whether wind speed and air temperature were 
considered as continuous variables or factors. However, even though it was not 
significant there was a decrease in survival rate with increasing wind speed. 
Table 4-3: Results of a binomial GLM in S-plus examining the individual 
significance of the effect of depth, air temperature and Beaufort scale on the 
proportion of skate survival post-haulage (response) within haul 
 
  df Deviance Residual 
df 
Residual 
deviance 
P(χ2) 
Null   26 44.1  
Depth 3 16.5 23 27.6 0.0008 
Wind speed (Beaufort 
scale) 1 2.9 22 24.6 0.085 
Air temperature 1 0.17 21 24.4 0.679 
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Figure 4-5: Predicted survival proportion and confidence levels, by haul for A. sp. 
anon caught by the Chilean longliner Isla Sofia during the months of May and June 
2003 in the toothfish longline fishery in Subarea 48.3. The solid line and dashed 95% 
confidence intervals are from the GLM with the third-order polynomial function on 
depth 
 
Figure 4-5 presents all the findings from the prediction model of dataset 1, clearly 
showing the strong relationship between survival and depth. Where skate mortality 
increases with depth, this model predicts that skate caught at depths down to 1200 m 
have an 85% chance of recovery post-release; whereas skate caught in waters deeper 
than 1200 m are predicted to have a sharp decline in survival potential, down to a 
plateau between 1400 and 1700 m where there is expected 35% survival, before a 
further rapid decrease to 0% survival at 2000 m. 
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Dataset 2 
In an attempt to identify individual factors affecting skate survival during hauling, the 
analysis described above was repeated for individual skate. In this case survival was 
0, 0.5 or 1 and weighting (sample size) was 1. The data were not as predictable as for 
dataset 1, but the same patterns were apparent. The only additionally significant factor 
was sex, although there were suggestions that wind speed and animal size (length) 
were important (Table 4-4; Figure 4-6). 
Table 4-4: Results of a binomial GLM in S-plus examining the individual 
significance of the effect of depth, sex, total length, method of removal from line, 
position of capture on the line, air temperature and Beaufort ranking (variables) on the 
proportion of skate survival post-haulage (response). The final column presents the 
probability that the factor explains a significant amount of the deviance (i.e. is a 
significant contributor to the final model), using a chi-squared test 
Variable df 
 
Deviance Residual 
df 
Residual 
deviance 
P(χ2) 
Null   93 97.00  
Depth 3 14.30 90 82.60 0.002 
Beaufort ranking 3 1.92 89 80.76 0.166 
Sex 1 5.10 88 75.66 0.023 
Total length 3 0.94 87 74.71 0.331 
Placement on line 2 0.13 85 74.58 0.935 
Method of removal from 
line 
1 0.14 84 74.44 0.709 
Air temperature 3 0.25 83 74.19 0.615 
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Figure 4-6: Results of GAM models in S-plus showing individual effects of depth, 
wind strength, sex, total length, position of capture on the line being hauled (b, 
beginning; m, middle; e, end), on the proportion of individual skate survival 
 
Figure 4-7: Predicted post-haulage survival rates with depth and sex for individual A. 
sp. anon. Male (red solid line) and female (blue line) and corresponding coloured 
dashed lines are the 95% confidence intervals 
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Separating males and females in separate GLMs produced the predictions of survival 
as seen in Figure 4-7. This GLM using individual data was not as robust as the GLM 
using data grouped by haul. For instance, if the ‘intermediate survival’ animals were 
removed, sex ceased to be a significant factor. 
4.4 Discussion 
The experiments described here comprised the first comprehensive, experimental 
investigation of post-discard survival of rays in the Antarctic. They remain the only 
dataset from which CCAMLR can estimate the survival rate of rays that are discarded 
or cut off the lines (CCAMLR, 2007b) and, although discarded skate are frequently 
assumed to have a high probability of survivorship, these results show that this is not 
necessarily so, and particularly not from deep fishing. 
Although 102 skate in total were caught and placed in tanks over the experimental 
period, only one species, Amblyraja sp. anon, was found in sufficient numbers to 
analyse at species level. The findings of this study clearly show that the depth of 
capture has a significant effect on post-haulage survival of A. sp. anon, with post-
haulage survival decreasing sharply for skate caught at depths greater than 1100 m 
(Figure 4-5). These results are similar to those first noted by Endicott et al. (2000). 
There is an indication in the analysis of the second dataset that the sex of the skate is 
important. Findings by Francis and Smith (2002) have shown that for the species A. 
georgiana caught in the Ross Sea, female skate are much heavier and broader than the 
males. A. sp. anon is possibly a close relative of the Ross Sea A. georgiana and 
appears to have similar sexual dimorphism in weight and disc width in the larger, 
more mature animals. However, for A. sp. anon, although there are statistical 
differences between the sexes in body form and weight, the physical differences 
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appear to be small, but may be sufficient to effect post release survival chances (see 
Chapter 3). 
A relationship was found between the length of skate and improved survival chances, 
which was rather counter-intuitive as one would expect larger skate to suffer more 
damage and therefore to have lower survival rates. This may be explained by 
morphological changes as the juveniles mature. 
It is surprising that weather conditions did not have a significant statistical effect on 
survival, because observations in the field and the trends in the GAMs (Figure 4-6) do 
suggest that such a relationship might exist. It is logical that skate being hauled to the 
surface during rough weather conditions would suffer more injuries than skate hauled 
during calmer conditions. Figure 4-8 shows the frequency of skate landed and clearly 
indicates that the number of skate decreases with increased swell height (and 
increasing bad weather). The fall in skate numbers probably occurred as the result of 
the increased jerking and movement of the longline, caused by the fishing vessel 
being buffeted by bad weather, dislodging the skate from the line during the haul. 
Skate caught in poor weather conditions are most likely to be torn from the line 
resulting in life threatening injuries and little chance of post-capture survival. The 
numbers of skate caught during bad weather do not represent either the true number of 
captures or the resulting skate mortality, and the lack of a significant impact of 
weather in the GLM may simply be a result of a lack of power in the analysis 
following from the low numbers that were caught during these times. 
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Figure 4-8: Relationship between frequency of capture of skate species and swell 
height caught by the Chilean longliner Isla Sofia during the months of May and June 
2003 in the toothfish longline fishery in Subarea 48.3 
 
Line observations of captured skate during the final stage of their passage through the 
water gave the author an insight into the movements of the skates’ bodies as they were 
hauled to the surface and a better understanding of the causes of the injuries seen on 
hauled skate (Figure 4-10). Endicott et al. (2000) and Ballara et al. (2006) have noted 
that skate are particularly susceptible to injury at the surface or when pulled out of the 
water. This is due to the full weight of the skate being put on the cartilaginous jaw 
when it is pulled from the water, often breaking the jaw. The skate were also exposed 
to being dashed against the side of the vessel by the waves, resulting in further 
injuries. 
The position of hooking appeared to have a significant effect on the injuries and 
therefore the chances of post-haul survival. Skate hooked in the mouth were towed 
like a kite through the water in an attitude where the body shape presented a large area 
of resistance to the direction of motion, resulting in injuries to the soft tissues of the 
mouth and oesophagus. Skate foul-hooked on the wing were towed as a flat plane 
which tended to rotate about the axis of the fishing line and become entangled in the 
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railing line. If a skate was hooked in the lower jaw, the mouth was pulled and held 
open (by the resistance of the body) and large volumes of water were forced into the 
digestive tract (Figure 4-10a), resulting in many cases in prolapsed intestines (in 
addition to any mouth and throat damage). 
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a)        b) 
 
 
c)        d) 
 
 
e) 
Figure 4-9: Photographs of typical injuries seen in captured skate resulting from 
longline haulage (Note: these animals were removed from the line before the line 
passed through a de-hooker): a) a prolapsed intestine; b) torn musculature at the side 
of the mouth; c) deep tear to the side of the mouth; d) torn throat under lower jaw; e) 
broken lower jaw and deep tear to throat; f) tear in throat with embedded hook in 
lower jaw 
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Entanglement of the fishing lines on the railing line, due to vessel movement in bad 
weather or mammal interaction, can result in a shortening of the fishing line and 
failure of the snood to rotate, significantly, increasing the extent of hook damage to 
the jaw and the throat (the lower jaw tends to be torn right off and the throat badly 
torn). Mormede (2008) has also noted damage to mouth parts of skate caught in the 
Ross Sea longline fishery. 
Speed of hauling also has an effect on the forces acting on the bodies of the captured 
skate as they are hauled to the surface. When a longline is hauled, the headline is the 
first line to be lifted out of the water. The headline is the attachment between the 
surface buoy and the longline on the sea bed (see Figure 1-2). This line is rapidly 
hauled on board the vessel until the longline itself is at the sea surface, at which point 
the speed of hauling is reduced. It is highly likely that any skate that are at the 
beginning of the longline will have experienced greater stresses and strains than those 
skate at the end of the line because of this initial faster hauling speed. 
Adaptation of longlines may not reduce the number of skate caught; however, the use 
of two swivels on the snood could reduce the number and type injuries suffered by the 
skate as it is hauled to the vessel. Normally one swivel is found at the connecting 
junction of the snood with the main fishing line; if there was a second swivel at the 
hook end of the snood this could reduce the number and the severity of the throat 
injuries observed. These injuries are normally caused by the skate spinning on the 
hook, but unfortunately the hook does not spin on the snood. 
The results of this study suggest that there was a higher survival rate of caught and 
released skate from depths of less than 1200 m, although the sample size from these 
depths was small. This was a consequence of the fishing pattern of the vessel and the 
depth distribution patterns of the skate species caught, as the average depth for all 
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hauls set over the experimental period was 1320 m. Most A. sp. anon were caught in 
waters deeper than 1000 m (Endicott et al., 2002, reported that 94% of this species 
were caught at depths of more than 1000 m, with the greatest number of captures 
occurring between 1200 and 1600 m). These results probably reflect quite accurately 
the expected survival rates of this species but do not accurately estimate survival rates 
for skate caught in water shallower than 1200 m. 
Summarising the results of this analysis, an estimate using the GLM in Figure 4-5 
predicts that discard survival of A. sp. anon is 75% in waters shallower than 1300 m 
(i.e. 1200–1300 m), 46% in waters 1300–1500 m and 24% in waters between 1500 
and 2000 m. Similar figures were confirmed by WG-FSA (78% in water < 1200 m; 
56%, 1200–1500 m; 24%, 1500–2000 m) using the methodology of Agnew et al. 
(2003) to estimate a total mortality of 85 tonnes from the 172 tonnes of rays caught in 
CCAMLR Subarea 48.3 in the 2003 fishing season (142 tonnes of which were cut off 
the line) (CCAMLR, 2003). 
What is causing skate mortality? Is it the changes in pressure that the skate endures as 
it is hauled to the surface or injuries sustained during the hauling process itself? 
Evidence from other studies tend to suggest the latter. Using skate caught in trawls, 
Laptikhovsky (personal communication; see Appendix A) has found that skate are 
able to recover from considerable periods spent lying out on deck before being placed 
back into water. Endicott (2003) has reported that good survival rates can be obtained 
from skate trawled from depths down to 700 m. During the 2003 South Georgia 
Research Survey (Endicott 2003), 60% of the 50 skate caught and placed in tanks 
were found to make a good recovery. Endicott also reported that the skate that did not 
recover tended to come from trawls where there had been large amounts of benthos or 
fish within the trawl and speculated that these skate had been crushed within the trawl. 
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Although long-term post-capture survival of skate has been demonstrated with the 
recapture of tagged and released specimens from this study (Chapter 3, Table 2-3) and 
others (Francis and Mormede, 2008), the long-term survival of skate even with minor 
injuries is not assured. Francis and Mormede (2008) have found from results of the 
Ross Sea Skate Tagging Program that some skate survive capture, tagging and 
recapture from depths of around 1000 m, with some animals at liberty for up to 4 
years. Ballara et al. (2006) have reported that A. georgiana tagged in the Ross Sea did 
not appear to move any great distance during their time at liberty (max 70 km). 
However, only 0.5% of 9000 tagged skate (47 animals) had been recaptured over a 
period of 7 years. It is reasonable to expect that if survival rates are up to 78% of 
returned skate, as reported by Francis and Mormede (2008), recapture figures for the 
Ross Sea Fishery would be much higher. This suggests that caution should be 
exercised when estimating post-release survival rates for skate within any longline 
fishery. 
4.5 Conclusion 
In May and June 2003, 102 skate were opportunistically selected from toothfish lines 
hauled by the vessel Isla Sofia and placed in specially constructed tanks on the deck 
of the vessel. Rays were lifted from the sea surface to mimic the handling they would 
experience if they were cut off the snoods at that level. After 12 hours the condition of 
the skate was recorded as ‘likely to survive’, ‘intermediate’ and ‘unlikely to survive’. 
Survival was primarily dependent upon depth. For skate caught at depths between 
1200 and 1300 m, there was a predicted 75% chance of survival post-haulage. 
Although evidence from other studies conducted by the author suggest that survival 
will be higher in waters shallower than 1200 m, for commercial operational reasons, 
sampling for the present experiment did not extend into these shallower waters. For 
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skate caught in water between 1300 and 1500 m, survival was approximately 46%, 
and 24% for skates caught between 1500 and 2000 m. There was a suggestion that 
males survived better than females. 
There is a clear implication arising from these results: Attempts to reduce the 
mortality of by-catch skate by cutting off and releasing skates from longlines is only 
likely to be effective at depths shallower than 1200 m. If the mortality of skates 
becomes too high, a maximum depth restriction might need to be put on the fishery. 
Possible modifications to longline gear, such as a ‘double swivel’ may be an option to 
reduce injuries to skate that are caught and hauled. 
The next chapter examines other features of the by-catch of skate that may lead to the 
potential for other approaches to reducing skate by-catch mortality. 
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5 Analysis of Spatial and Temporal Trends in Skate Catch 
per Unit Effort 
5.1 Introduction 
Although there has been a long history of fishing around South Georgia, only one 
analysis to date (Agnew et al., 2007) has attempted to examine the impact of the 
Dissostichus eleginoides longline fishery on the skate population. Even though skate 
are not a targeted species within the South Georgia toothfish fishery, they are caught 
as incidental by-catch, where the associated mortality may be detrimental to 
population stability (Jennings et al., 1999). Theoretical analyses suggests that large, 
slow-growing and late-maturing species have greater population declines for a given 
mortality rate (Kirkwood et al., 1994; Jennings et al., 1999). 
The effects of fishing on skate and ray populations can be exacerbated by known life 
history traits such as late maturation and low fecundity (Hunter et al., 2006), 
suggesting that these fish are very susceptible to over-exploitation (Walker and 
Hislop, 1998). Recent risk assessments of skate caught as by-catch in the exploratory 
Ross Sea longline fishery indicate that these fish have life history characteristics 
which make them susceptible to over fishing (O’Driscoll, 2005). 
Endicott et al. (2000) reported the number of skate captures by one vessel in 2000 as 
336 animals, a capture rate of 0.236 skate per 1000 hooks set. Work by Agnew et al. 
(2002) examining data collected by observers on nine vessels in 2001 found varying 
capture rates between vessels, from 0.08 to 6.99 skate per 1000 hooks. The total 
estimate of skate captures for these nine vessels was 16, 108 skate. Agnew et al. 
(2002) also found that Korean vessels appeared to have higher skate capture rates than 
other nationalities, suggesting that there may be variables affecting skate captures 
which differ between flag states and individual vessels. 
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The most commonly used index of relative abundance in fisheries assessments is 
catch per unit effort (CPUE) (King, 1995). This is usually expressed as the number of 
fish caught (C) by an amount of effort (f), where C/f = CPUE. Effort is typically a 
combination of gear type and size, and/or the length of fishing time. Very often trends 
in CPUE are used to infer trends in fish density – and hence population size – and 
thence to condition assessments (Maunder and Punt, 2004). 
Around South Georgia (CCAMLR subarea 48.3) a standardised CPUE for the 
toothfish fishery has been used since 1995. Standardisation has been undertaken using 
predictions from a fitted generalised linear model (GLM), where haul CPUE values 
were the response variable (Candy, 2004). In such studies the object of 
standardisation of CPUE is to control for other aspects of variability – such as area, 
depth, type of fishing gear – to understand the temporal variability in CPUE (Maunder 
and Punt, 2004). 
The GLM developed for the South Georgia longline fishery included year of fishing, 
as a primary objective of the standardisation was to identify trends with time 
(Maunder and Punt, 2004). However, other categorical and continuous predictors that 
have a causal affect on CPUE and interactions between these predictors may also be 
included in the standardisation model (Candy, 2003; Candy, 2004; Maunder and Punt, 
2004). These models can therefore be used to identify high-risk factors for the catch 
of unwanted species precisely because key factors such as depth and gear are included 
in the model. 
Agnew et al. (2000) used GLM modelling techniques to assist assessment and 
management approaches to the multi-species skate and ray fisheries in the Falkland 
Islands. Findings from this work concluded that species composition of skate was 
changing from larger, slow-growing and late-maturing species to smaller and earlier-
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maturing species. It also identified that these changes were evident after only six years 
of targeted fishing. 
More recently Ballara and O’Driscoll (2005) used a standardised CPUE analysis to 
ascertain what factors were affecting the by-catch rates of Macrourus spp (rattails) 
and skate within the exploratory toothfish longline fishery in the Ross Sea (CCAMLR 
subareas 88.1 and 88.2). Data used for this study were fine-scale, haul-by-haul data 
(CCAMLR C2) and observer data. The results of the study indicated that factors 
influencing rattail captures could be identified, with vessel, area and depth having the 
greatest affect on capture rates (Ballara and O’Driscoll 2005). 
The aim of this chapter is to provide a preliminary assessment of skate by-catch 
within the toothfish longline fishery around South Georgia, identify factors within the 
fishery which may adversely affect the spawning stock biomass, thus jeopardising 
population stability and examine plausible management strategies which may reduce 
skate captures whilst maintaining toothfish captures. 
5.2 Methods 
All data used in this analysis were collected from commercial fishing vessels 
operating in the toothfish longline fishery around South Georgia during the 2001–
2004 fishing seasons. Two data sources were used to supply the necessary 
information, observer tallies and captain’s records. Observer tallies used in both skate 
and toothfish analyses were recorded by observers during individual line observations 
at the time of hauling. Total numbers of toothfish captured and the product weight 
was taken from the captain’s records at completion of line hauling. 
GLMs in S-plus were used to standardise catch and effort data, to enable the 
identification of any variables which reduce the unexplained variability observed in 
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the response variable. Three types of CPUE were modelled in this analysis to identify 
any relationships between skate by-catch and toothfish capture which could be used in 
future management strategies. The three types of CPUE were: observed skate captures 
per 1000 observed hooks retrieved, total number of toothfish caught per total number 
of hooks set and total product weight (kilograms) of toothfish per total number of 
hooks set. Standardisation of CPUE for both skate and toothfish allowed direct 
comparison of capture influences on the two catch types. Standardisation of CPUE for 
toothfish product weight would aid identification of possible market influences on the 
size of fish caught and the related skate captures (larger toothfish in general have been 
worth considerably more per kilogram than smaller fish). 
Observers on board commercial fishing vessels operating in the toothfish longline 
fishery around South Georgia during the 2001–2004 seasons collected the longline 
data used in this analysis. A total of 9410 sets of data were collected during this 
period. Examination of these data revealed that 1767 sets were not complete and 
could not be used in this analysis. A further 298 sets were recorded from lines set at 
depths less than 500 m; these were removed from the data set to allow comparisons to 
be made between all four years (due to a 500-m restriction on fishing depth which was 
implemented in 2004 to protect juvenile toothfish). This left a total of 7345 data sets 
available for analysis. 
As not all longlines had skate captures, two model forms were used. A binominal 
GLM model was constructed to examine the probability of a skate presence on a line. 
Gaussian GLMs were employed for all longlines recorded with positive CPUEs. 
In the binomial GLM the probability of skate being present on a line was modelled as: 
P(+ve catch) = µ + αyear + βdepth zone + γmonth + σarea + θnationality + ωbait species + λsoak time h + ε 
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Where P equals CPUE, the probability (0 or 1) of a positive capture of skate on a 
longline, µ, is the intercept; αyear is four factor levels for fishing season (2001–2004); 
βdepth zone is a discontinuous variable with six depth band levels (500–750 m, 750–
1000 m, 1000–1250 m, 1250–1500 m, 1500–1750 m and 1750–2000 m); γmonth is a 
categorical variable with four levels (May, June, July and August); σarea is a 
categorical variable with four levels (Shag Rocks, north-west of South Georgia, east 
of South Georgia and south of South Georgia); θnationality is a categorical variable with 
ten levels (Chile, Japan, Korea, New Zealand, Russia, South Africa, Spain, Ukraine, 
United Kingdom and Uruguay); ωbait species is a categorical variable with six factor 
levels (three single bait categories: South American pilchard (CHP), squid (SQQ), 
mackerel (MAX); and three mixed bait categories: CHP/SQQ, CHP/ MAX, 
MAX/SQQ); λsoak time h is a continuous variable on soak time; and ε is an error term. 
The log-normal model had the following form with a Gaussian link (factors as above): 
ln(CPUE) = µ + αyear + βdepth zone + γmonth + σarea + θnationality + ωbait species + λsoak time h + ε 
Generalised additive models (GAMs) were used as an additional means of exploring 
the data. GAMs allow non-parametric functions to be estimated from the data by the 
use of smoothing operations (Krause and Olson, 2002). 
All analyses were performed in S-plus (MathSoft Inc., 1999). Standard regression 
diagnostic tests were used to identify model misspecification or heteroscedasticity. 
The ‘Q-Q plot’ function in S-plus was used for this, which provided goodness of fit 
for the model examined. 
An automatic model simplification directive ‘Step’ was utilized to confirm the 
minimal adequate model (Crawley, 2005) by checking that the removal of the non-
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significant variable(s) identified by ANOVA was in fact not necessary to the 
minimum model (i.e. did not explain significant additional variability). 
The S-plus function Multicomp (multiple comparison analysis) was used to provide 
further information about the independent variables identified by ANOVA as having a 
significant causal effect on the CPUE (dependent variable). Examining each 
categorical variable when necessary, a Multicomp output produced simultaneous 
confidence intervals for a categorical variable with multiple levels, thus establishing 
which levels within a categorical variable were significantly different from each other 
(Crawley, 2002). 
5.3 Results 
Binomial model on skate occurrence 
To examine the significance of the causal effects of the independent variables on the 
presence of skate within the catch, a binomial analysis was undertaken in the 
statistical computation program S-plus, using the main data set for 7345 individual 
longlines. Of the 7345 longlines, 3030 were observed to have skate captures. Table 5-
1 shows the breakdown of lines set by individual flag states, where it can be seen that 
data collected from Korean and Spanish vessels in 2001 comprised nearly 50% of the 
total data collected for that year. For the next 3 years, however, Chile set the greatest 
number of lines, 41.7% of the total lines observed in the 2004 season. The greatest 
effort fleet-wide occurred during 2003, with a total of 3042 lines being observed. 
Overall, Chile set the greatest number of observed lines during the four-year period, at 
31%, with United Kingdom 22% and Spain 15%. Three flag states contributed data 
for one year only: Japan, New Zealand and Ukraine. Ukraine had the smallest overall 
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contributing data set, comprising 1% of the total lines recorded over the four-year 
period. 
Table 5-1: Numbers of observed longlines used in the analysis, with complete data 
records for the years 2001–2004. Percentages of lines set for each country presented 
by year 
Nationality 
2001 2002 2003 2004 Totals 
(n) 
Total 
(%) Lines set % Set Lines set % Set Lines set % Set Lines set % Set 
Chile 3 0.34 513 28.25 1093 35.93 669 41.71 2279 31 
Japan 0 0.00 0 0.00 170 5.59 0 0.00 170 2 
Korea 216 24.46 53 2.92 139 4.57 170 10.60 578 8 
New Zealand 0 0.00 0 0.00 124 4.08 0 0.00 124 2 
Russia 80 9.06 119 6.55 272 8.94 0 0.00 471 6 
South Africa 136 15.40 111 6.11 198 6.51 138 8.60 583 8 
Spain 218 24.69 313 17.24 363 11.93 186 11.60 1081 15 
Ukraine 99 11.21 0 0.00 0 0.00 0 0.00 99 1 
United 
Kingdom 131 14.84 479 26.38 682 22.42 320 19.95 1613 22 
Uruguay 0 0.00 228 12.56 1 0.03 121 7.54 350 5 
Totals 883  1816  3042  1604  7345   
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Table 5-2: Skate by-catch data. Number of lines with observer data indicating skate presence and absence by country and year 
Nationality 
Year 
2001 2002 2003 2004 
No skate 
present 
Skate 
present 
% Skate 
present 
No skate 
present 
Skate 
present 
Skate 
present 
(%) 
No skate 
present 
Skate 
present 
Skate 
present 
(%) 
No skate 
present 
Skate 
present 
Skate 
present 
(%) 
Chile 3 0 0 303 210 41 705 388 35 501 168 25 
Japan 0 0  0 0  105 65 38 0 0  
Korea 23 193 89 21 32 60 16 123 88 27 143 84 
New Zealand 0 0  0 0  38 86 69 0 0  
Russia 74 6 8 78 41 34 67 205 75 0 0  
South Africa 101 35 26 68 43 39 77 121 61 132 6 4 
Spain 166 52 24 230 83 27 273 90 25 121 65 35 
Ukraine 32 67 68 0 0  0 0  0 0  
United Kingdom 90 41 31 285 194 41 510 172 25 90 230 72 
Uruguay 0 0  112 116 51 1 0 0 66 55 45 
Totals 489 394 44 1097 719 40 1792 1250 41 937 667 41 
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Observations of skate caught on the 7345 longlines set between 2001 and 2004 (Table 
5-2) showed a relatively constant proportion of lines with skate in the by-catch (40–
44%). Korea consistently had a proportionally higher number of lines with skate 
caught than any other nationality, an average of 85% over the four years examined. 
The results of the binomial model are shown in Table 5-3. Year and Month were not 
significant within the model, suggesting that the skate population were not migrating 
away from South Georgia or at least that there were always skate present during the 
winter months when fishing operations were undertaken. 
 
Table 5-3: Results of an analysis of variance of the binomial GLM on the probability 
of skate by-catch (2001–2004). The GLM was run in S-plus statistical software. The 
final column presents the probability that the factor explains a significant amount of 
the deviance (i.e. is a significant contributor to the final model), using an F-test 
Variables df 
Explained 
Deviance Residual df 
Residual 
deviance F value Pr (F) 
Null   7344 9956   
Year 3 6.2 7341 9950 2.07 0.101 
Depth zone 5 1036.7 7336 8913 205.83 0.000 
Month 3 5.0 7333 8908 1.67 0.171 
Area 3 353.3 7330 8554 116.93 0.000 
Nationality 9 479.9 7321 8075 52.93 0.000 
Bait species 5 287.1 7316 7787 57.00 0.000 
Soak time h 1 10.8 7315 7777 10.80 0.001 
 
The presence of skate on longlines increased with increasing depth over the depth 
ranges being considered and did not appear to reach a maximum (Figure 5-1). This 
implies that the ray population extends deeper than the deepest fishing undertaken 
during these years (this has since been verified by experimental sets which, in 2007, 
caught skate down to at least 2400 m (R. Mitchell, personal communication). 
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Of the four areas Shag Rocks, north-west of South Georgia, east of South Georgia and 
south of South Georgia, the north-west of South Georgia had the highest number of 
observed lines where skate were present (Figure 5-1). The Shag Rocks area also had a 
significantly higher proportion of lines with skate present than either south of South 
Georgia or east of South Georgia. These two areas of increased skate occurrence may 
indicate a seasonal migration of skate or areas of aggregation of skate, such as might 
occur in a nursery area, area of oviposition, area of mating congregation or a very 
productive feeding ground. The lesser occurrence of skate in the areas east of South 
Georgia and south of South Georgia may be an indication of unsuitable feeding 
grounds for skate, or possibly different fishing tactics were employed in each area. 
Two fairly distinct groupings appear within the nationalities fishing around South 
Georgia from the binomial GLM results (Figure 5-1). Korea and New Zealand have 
the highest proportion of lines with skate present in the fleet; however, New Zealand’s 
contribution to the overall data set was for one year only. Although the other 
nationalities show variation, this is minimal compared with the separation shown by 
Korea and New Zealand. This suggests that they may have been using different 
fishing techniques or equipment which increased the presence of skate within the 
catch. 
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Figure 5-1: Influence of different variables in the binomial GLM on skate 
presence/absence on a longline. The y axis shows the partial deviance in the model 
attributed to the parameter, and the influence of each level of each variable is plotted 
with its SE. Soak time is modelled as a linear continuous variable 
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Three types of bait were used within the toothfish longline fishery around South 
Georgia, the South American pilchard (Sardinops sagax) (CHP), Mackerel (Family 
Scombridae) (MAX) and Squid (Order Teuthoidea) (SQQ). Mixed combinations of 
these bait types were sometimes used to try to improve the catch; however, the exact 
proportions of the make-up of these mixes is not currently known and vary between 
vessels. 
Of the six bait compositions that were commonly used within the fishery, Squid 
(SQQ) appears to have the biggest influence on the presence of skate within the catch 
(Figure 5-1). The use of bait mixtures of CHP/MAX and MAX /SQQ also appeared to 
increase the likelihood of skate within the catch, while when used on their own, CHP 
or MAX appeared to have little influence. 
The length of time a longline was left in the water (soak time) varied from a few hours 
to several days, depending on the fishing strategy being employed, the weather and 
mammal interaction. The fitted results of the influence of soak time on skate presence 
(Figure 5-1), indicates a positive relationship. The longer a line was left in the water, 
the greater the chance that skate would be caught on that line. This would follow from 
the supposition that skate need time to move from the local surrounding area into the 
area of the longline set and that not all of the skate caught were in the immediate area 
when the line was dropped. 
Log-normal model on skate CPUE 
To examine the capture rates of skate fleet-wide, a subset of data was created from 
model 1, where only lines where skate were caught were included (positive sets). This 
data set comprises the results from 3030 observed longlines. 
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Model 2 examines the causal effects of the independent variables on the dependent 
variable CPUE, fitted using a log-normal error model (implemented through a 
Gaussian model using log(CPUE); see Section 5.2 Methods). Confirmation that a log-
normal model was appropriate was investigated using ‘plot function’ (plot 
(GLM.obj)) in S-plus, which yielded the following: 
 
1. A Q-Q norm plot with the expected line of normal distribution; this indicates 
whether the residuals follow a normal distribution (a superimposed straight 
line). Normally what is seen with residuals is that although they do not follow 
the superimposed straight line of normal distribution perfectly, they are not far 
away from it (Krause and Olson, 2002). 
2. Residuals vs. Fitted Values plot; this is produced to look for patterns within 
the data (Krause and Olson, 2002). Any discernable patterns indicate that 
parametric analysis should not be used to analyse the data. 
3. Histogram of CPUE: to examine whether the CPUE shows any similarity to 
the ideal bell shape of a normal distribution curve (Krause and Olson, 2002). 
 
The results of the Q-Q norm plot on untransformed CPUE data indicate that there is a 
significant departure within the data from a normal distribution which was corrected 
using the log-normal model (Figure 5-2). Histograms of both CPUE and Log CPUE 
confirm that the best fit to a normal distribution was Log CPUE. 
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Figure 5-2: Q-Q plot for the positive CPUE data in model 2, before (left, top) and 
after (right, top) the log transform, demonstrating that the log transform is successful 
in normalising the data and therefore that a log-normal GLM model is an appropriate 
model to use. Histograms of raw and log-transformed data are shown bottom left 
 
Residual deviance against Fit was also examined, where no signs of patterns above or 
below the fitted line were seen (Figure 5-3). The combined outcome of these three 
functions indicated that parametric analysis could be used for the analysis of this data 
set (Model 2). Gaussian Generalised Linear models (GLM) were used to examine the 
data with the Analysis of Variance (ANOVA) being used to find any significant 
causal effect on skate CPUE by the independent variables. 
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Fitted : year + depthzone + month + soaktimehr + areaposition + baitspecies + nationality
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Figure 5-3: Deviance residuals against fits of log skate CPUE (2001–2004) 
 
Differences observed between outputs from the multi-comparison analysis for a 
categorical variable and GLM results (GAM/GLM plots) for the same variable, 
indicated that the addition of further variables caused interactions which influenced 
the predicted significance of variables within the GLM model. This suggests that the 
significance may not be as great as initially thought. 
The results of the GLM for skate CPUE around South Georgia clearly indicated that 
all of the variables examined, other than Soak time, had a significant effect on the 
number of skate being caught (Table 5-4 and Figure 5-10). This was confirmed by the 
use of a Step function, which indicated Soak time should be removed from the final 
model. Unlike the binomial model (Model 1) Year and Month were significant within 
the model. 
The results are plotted in Table 5-4. The fitted trend of skate CPUE with Year 
indicated that there had been overall, a general fall in skate CPUE around South 
Georgia from 2001–2004. The highest capture rates were observed in 2001 and the 
lowest in 2004. The depth at which fishing occurred around South Georgia can be 
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seen to have had a significant effect on the skate CPUE, with skate CPUE appearing 
to increase linearly with depth. This, like the binomial model, suggests that the fishing 
depths reached in these sets did not explore the full depth distribution of skate 
although there is a hint in the analysis that CPUE (rather than probability of 
encounter, which was shown in model 1) peaks in the penultimate depth zone. Over 
the four-month duration of the winter fishery, there was an increase in skate CPUE to 
July, with a subsequent decrease in skate CPUE in August. 
 
Table 5-4: Results of the GLM of the causal effects of Year, Depth zone, Month, 
Soak time, Area, Bait species and Nationality on skate CPUE. The GLM was run in 
S-plus statistical software. The final column presents the probability that the factor 
explains a significant amount of the deviance (i.e. is a significant contributor to the 
final model), using an F-test 
 
Variables df 
Explained 
Deviance Residual df 
Residual 
deviance F value Pr (F) 
Null   3029 3048   
Year 3 116.4 3026 2932 53.44 0.000 
Depth zone 5 90.7 3021 2841 25.00 0.000 
Month 3 30.7 3018 2810 14.13 0.000 
Soak time  1 1.4 3017 2809 2.06 0.151 
Area  3 189.2 3014 2619 86.87 0.000 
Bait species 5 262.3 3009 2357 72.26 0.000 
Nationality 9 179.6 3000 2177 27.49 0.000 
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Figure 5-4: Results of the GAM/GLM model examining the causal effects on skate 
capture in the toothfish longline fishery around South Georgia during 2001–2004. 
Skate CPUE is the dependent variable and Year, Depth zone, Month, Soak time, Area, 
Bait species and Nationality are independent variables. NWgeorgia, north-west South 
Georgia; Egeorgia, east South Georgia; Sgeorgia, south South Georgia; Shag, Shag 
Rocks 
 
  
 196 
The area of South Georgia in which fishing operations were undertaken, had a 
significant effect on skate CPUE. Two areas around South Georgia had high skate 
CPUE, Shag Rocks and north-west of South Georgia. To establish which areas had 
significantly different skate CPUE, a Multicomp function was used. This function 
confirmed that both the Shag Rocks and north-west areas of South Georgia had 
significantly higher skate CPUE than either east South Georgia or south South 
Georgia (Table 5-5). This is shown by Shag Rocks and north-west South Georgia 
having both upper and lower bounds > 0, indicating significantly higher skate CPUE. 
The south of South Georgia had a significantly lower skate CPUE than east South 
Georgia, with upper and lower bounds < 0, indicating that this area had the lowest 
skate CPUE. 
Table 5-5: Results of a Tukey multiple comparison analysis showing the effect of the 
categorical variable Area on skate CPUE. The CPUE for the north-west of South 
Georgia, south of South Georgia and Shag Rocks area of South Georgia have been 
compared with the CPUE for the east of South Georgia. NWGeorgia, north-west 
South Georgia; SGeorgia, south South Georgia; Shag, Shag Rocks; EGeorgia, east 
South Georgia 
Area comparisons Estimate Std Error 
Lower 
Bound 
Upper 
Bound Significance 
EGeorgia–NWGeorgia –0.0 0.0485 –0.432 –0.183 **** 
EGeorgia–SGeorgia 0.5 0.0578 0.323 0.620 **** 
EGeorgia–Shag –0.0 0.0459 –0.305 –0.069 **** 
NWGeorgia–SGeorgia 0.8 0.0582 0.630 0.929 **** 
NWGeorgia–Shag 0.1 0.0464 0.001 0.240 **** 
SGeorgia–Shag –1.0 0.0561 –0.803 –0.515 **** 
 
The type of bait used clearly affected skate CPUE. Of the three individual bait types, 
squid (SQQ) was associated with the highest skate CPUE. Mixed bait compositions 
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which were partly composed of squid (SQQ) also had higher associated skate CPUE 
than those of solely teleost make-up. 
The effect of Nationality on skate CPUE indicated that Korea had the highest skate 
CPUE of all the nationalities that fished around South Georgia during 2001–2004. 
This is further supported by model 1, which shows that, of all the nationalities fishing 
around South Georgia during 2001–2004, Korea consistently had a higher proportion 
of lines which caught skate. One explanation for this difference might be that Korean 
vessels record skates better than others; but, since this analysis used observer data, 
this is unlikely to be a plausible explanation. An alternative is that Korean vessels 
were operating in areas of high ray by-catch or were actually better at catching skate 
than other vessels. 
Investigation of area effects 
There are clear differences in CPUE between areas around South Georgia (Figure 5-
5), reflecting, presumably, the suitability of different habitats. In order to understand 
the annual trend data shown in, for instance Figure 5-4, and to avoid having to 
interpret the interactive effects of area with the other parameters in a GLM with 
interaction terms, a further four models were developed, one for each subarea around 
South Georgia. The distribution of longlines with observed skate captures in these 
four areas is shown in Figure 5-6. 
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Figure 5-5: Distribution of skate CPUE (numbers per 1000 hooks set) around South 
Georgia during 2001–2004 
Key
Blue = Shag Rock Area
Red = North West Of South Georgia
Violet = East Of South Georgia
Green = South Of South Georgia
South Georgia
 
Figure 5-6: Map of the fishing grounds around South Georgia showing the positions 
of observed skate captures for the years 2001–2004 
 
All models were constructed according to the methods outlined for model 2 where an 
initial log-normal GLM on positive sets was refined to include significant parameters. 
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As with the main model (Model 2, above), Q-Q normal plots strongly supported the 
assumption of a log-normal model. 
Detailed results are presented only for north-west South Georgia. For the other areas, 
only the most important temporal trends are discussed, since this was the main 
objective behind undertaking this analysis, and trends with Depth, Bait and other 
variables were similar between areas. 
5.3.3.1  North-west South Georgia 
This model used data from a total of 788 lines set. New Zealand contributed no data 
for this area. Examination of the Q-Q norm plot revealed a good fit for log skate 
CPUE (Figure 5-7). 
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Figure 5-7: Q-Q Norm plot of log skate CPUE for 2001–2004 for north-west of 
South Georgia 
 
The results of the initial fitted GLM indicated that all of the variables examined had a 
significant causal effect on skate CPUE (Table 5-5, Figure 5-8). 
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Table 5-6: The results of the initial GLM of the causal effects of Year, Depth, Month, 
Soak time, Bait species and Nationality on skate CPUE for the north-west of South 
Georgia 2001–2004 
Variables df 
Explained 
deviance 
Residual 
df 
Residual 
deviance F value Pr (F) 
Null   787 901   
Year 3 53.9 784 847 23.58 0.000 
Depth zone 5 32.6 779 814 8.56 0.000 
Month 3 8.6 776 806 3.77 0.011 
Bait species 5 129.5 771 676 33.94 0.000 
Soak time  1 17.2 770 659 22.58 0.000 
Nationality 8 77.7 762 581 12.73 0.000 
 
Examination of the initial fitted GAM/GLM plot for Year showed that there was a 
trend of increasing skate CPUE from 2002 to 2004. However the standard errors for 
all four years clearly overlapped suggesting that the trends would not be significant, 
and that there was a poor fit to the model. Soak time appeared to have an increasing 
trend of skate CPUE with length of time in the water, but there were only 14 data 
points for soak times longer than 60 hours. 
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Figure 5-8: Results of the initial GAM/GLM model examining the causal effects on 
skate captures in the toothfish longline fishery for the north-west of South Georgia 
during 2001–2004. Skate CPUE is the dependent variable and Year, Depth zone, 
Month, Soak time, Bait species and Nationality are independent variables 
 
To examine the stability of the model, the S-plus Step function was used. The results 
from this indicated that two variables in the initial model, Year and Soak time, should 
be removed from the final model. This essentially means that there had not been a 
significant, detectable trend in CPUE over the four years. The GLM was re-run with a 
changed sequence for processing the independent variables. The results of this 
analysis showed that Year and Soak time could be removed from the model as neither 
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was found to be significant at a 95% confidence level (Table 5-7). Results from both 
the GLM and Step function confirmed that the first model was unstable with the 
inclusion of both Year and Soak time, further supporting the removal of these two 
variables from the final model 
Table 5-7: The results of the reordered GLM of the causal effects of Nationality, 
Depth, Month, Bait species, Soak time and Year on skate CPUE for the north-west of 
South Georgia 2001–2004 
Variables df 
Residual 
deviance df 
Residual 
deviance F value Pr (F) 
Null   787 901   
Nationality 8 212.7 779 688 34.84 0.000 
Depth zone 5 27.2 774 661 7.13 0.000 
Month 3 17.0 771 644 7.45 0.000 
Bait species 5 57.0 766 587 14.95 0.000 
Soak time  1 1.3 765 585 1.78 0.182 
Year 3 4.3 762 581 1.89 0.129 
 
The final GLM result, after the removal of Year and Soak time, indicated that the 
remaining variables were having a significant causal affect on skate CPUE (Table 5-8, 
Figure 5-9). 
 
Table 5-8: The final GLM of the causal effects of Depth zone, Month, Bait species, 
and Nationality on skate CPUE for the north-west of South Georgia, 2001–2004 
 df 
Explained 
deviance Residual df 
Residual 
deviance F value Pr (F) 
Null   787 901     
Depth zone 5 44.4 782 856 11.58 0.000 
Month 3 7.2 779 849 3.14 0.025 
Bait species 5 165.3 774 684 43.14 0.000 
Nationality 8 97.0 766 587 15.82 0.000 
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Figure 5-9: Results of the revised GAM/GLM model examining the causal effects on 
skate capture in the toothfish longline fishery in the north-west of South Georgia 
during 2001–2004. Skate CPUE is the dependent variable and Month, Depth zone, 
Bait species and Nationality are the independent variables 
 
5.3.3.1.1  Month 
The results of the GLM plot for Month suggested that skate CPUE was highest in July 
and August with the skate CPUE lowest in June (Figure 5-9). Over the four years 
examined, May had the greatest proportion of total lines set (34%), with United 
Kingdom having the largest proportion of lines set in that month at 40% and Uruguay 
the least (8%) (Table 5-9). There was no real difference in number of lines set 
between June and July (0.0025%). However, there was a large reduction in lines set in 
August, compared with the other three months of the fishing season (12% of the total 
number of lines set in the north-west of South Georgia). This was to be expected, 
given that most vessels had taken their toothfish quota in the first three months of the 
fishing season 
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Table 5-9: Summary by month and nationality of longlines set in the north-west of 
South Georgia during the period 2001–2004 
Nationality May June July August 
Total lines 
set 
Chile 48 22 48 42 160 
Japan 14 0 7 6 27 
Korea 21 64 6 0 91 
Russia 42 23 40 8 113 
South Africa 13 6 33 8 60 
Spain 45 35 21 14 115 
Ukraine 16 12 0 0 28 
United Kingdom 62 38 39 15 154 
Uruguay 8 12 20 0 40 
Totals 269 212 214 93 788 
A Tukey multiple comparison analysis of the categorical variable Month showed that 
the only significant variation in skate CPUE occurred between June and August, 
where June had a significantly higher skate CPUE than August (Table 5-10). 
 
Table 5-10: Results of a Tukey method of multiple comparisons showing the 
significance of individual subsets within the variable Month for causal influence on 
skate CPUE over the four-year period 2001–2004 around the north-west of South 
Georgia 
Month Estimate 
Std 
Error Lower Bound Upper Bound Significance 
May–June –0.1950 0.0979 –0.4470 0.0568  
May–July –0.1480 0.0976 –0.3990 0.104  
May–August 0.1670 0.1280 –0.1630 0.497  
June–July 0.0475 0.1030 –0.2180 0.313  
June–August 0.3620 0.1330 0.0206 0.703 ***** 
July–August 0.3140 0.1320 –0.0264 0.655  
Note: Where both upper and lower bounds are > 0 or < 0, this indicates significant difference; 
> 0 = significantly higher; < 0, significantly lower. Where one bound is negative and the other positive, 
this indicates no significant difference between subsets 
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The difference between the results of the GLM plot for Month and the Tukey multiple 
comparison analysis, reinforces the view that the significance of Month on skate 
CPUE is increased by the influence of the other significant variables within the GLM 
model for the north-west of South Georgia. 
5.3.3.1.2  Nationality 
Two main groupings of nationalities are apparent in Figure 5-9, where Korea and 
Russia can be separated from all other nationalities because of a higher associated 
skate CPUE. This was further supported by a Tukey multiple comparison analysis of 
the categorical variable Nationality, which showed that Korea and Russia, with no 
significant difference between their CPUEs, had a significantly higher skate CPUE 
than all of the other nationalities which fished in the area. 
5.3.3.1.3  Bait 
Of the six bait compositions used in the area, the GLM plot indicated that lines baited 
with either squid or a mackerel/ squid mixture had a higher associated skate CPUE 
than any other bait type. A Tukey multiple comparison analysis of the categorical 
variable Bait species shows that bait comprising either a MAX/SQQ mixture or solely 
SQQ have significantly higher associated skate CPUE than any other bait type 
(Appendix B, Table B-2). Korea and Ukraine used only squid-associated baits (either 
SQQ or a MAX/SQQ mixture), while Russia used squid-associated baits on 82% of 
their lines (Table 5-11). Chile was the only nation not to use any squid-associated 
baits with 100% of their lines baited with MAX. There is a suggestion that the high 
skate CPUE attained by Russia and Korea may be due to them using exclusively squid 
bait, in addition to other fishing techniques. 
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Table 5-11: Summary of the bait species used by nationality in the north-west of South Georgia during 2001–2004. CHP, South American 
pilchard; MAX, mackerel; SQQ, squid. 
Nationality CHP 
CHP 
(%) 
CHP/MA
X 
CHP/ 
MAX 
(%) 
CHP/ 
SQQ 
CHP/ 
SQQ 
(%) 
MAX/S
QQ 
MAX/SQ
Q (%) MAX MAX (%) SQQ SQQ (%) 
Lines 
set 
Squid-
associated 
bait (%) 
Chile 0 0% 0 0% 0 0% 0 0% 160 100% 0 0% 160 0% 
Japan 14 52% 0 0% 0 0% 13 48% 0 0% 0 0% 27 48% 
Korea 0 0% 0 0% 0 0% 21 23% 0 0% 70 77% 91 100% 
Russia 17 15% 0 0% 0 0% 62 55% 3 3% 31 27% 113 82% 
South Africa 0 0% 0 0% 0 0% 46 77% 14 23% 0 0% 60 77% 
Spain 3 3% 24 21% 0 0% 46 40% 42 37% 0 0% 115 40% 
Ukraine 0 0% 0 0% 0 0% 0 0% 0 0% 28 100% 28 100% 
UK 16 10% 1 1% 28 18% 0 0% 11 7% 98 64% 154 64% 
Uruguay 0 0% 11 28% 0 0% 19 48% 10 25% 0 0% 40 48% 
Totals 50   36   28   207   240   227   788   
 
  
 207 
5.3.3.2  Shag Rocks 
Shag Rocks was seen to have the largest proportion of total lines set, with observed 
skate captures around South Georgia (approximately 33%). A total of 990 lines of 
data were originally available for this area; however, further investigation revealed 
that two of these lines had been baited with a mix of South American 
pilchard/mackerel, which had only been used twice over the four years examined. It 
was decided that these two data lines would be removed from the final data set for the 
Shag Rocks area, leaving a total of 988 lines of data. 
Initial fitted GLM results for the Shag Rocks area showed that of the six variables 
examined, Soak time had no significant effect on skate CPUE (Appendix B, Table B-
3). The Step function confirmed that Soak time should be removed from the final 
model, to give the revised fitted GLM results (Table 5-12, Figure 5-10). 
Table 5-12: Revised fitted GLM results of the causal effect of Year, Depth zone, 
Month, Bait species, and Nationality on skate CPUE for the Shag Rocks area of South 
Georgia for 2001–2004 
 
Variables df 
Explained 
deviance Residual df 
Residual 
deviance F value Pr (F) 
Null   987 944   
Year 3 46.1 984 898 21.59 0.000 
Depth zone 5 74.3 979 823 20.88 0.000 
Month 3 6.7 976 817 3.16 0.024 
Bait species 4 60.1 972 756 21.09 0.000 
Nationality 8 70.1 964 686 12.30 0.000 
 
5.3.3.2.1  Year 
The GAM/GLM results indicated that over the four-year period there had been a 
general decline in skate captures in the Shag Rocks area, with the highest skate CPUE 
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in 2001 (Figure 5-10). The smallest numbers of longlines were set in 2001 with five 
nationalities fishing in the Shag Rocks area. The highest numbers of longlines (381) 
were set in 2003 by the seven nationalities fishing in the area. 
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Figure 5-10: Results of the GAM/GLM model examining the causal effect on skate 
capture in the toothfish longline fishery in the Shag Rocks area of South Georgia 
during 2001–2004. Skate CPUE is the dependent variable and Year, Month, Depth 
zone, Bait species and Nationality are independent variables 
5.3.3.2.2  Other variables 
The variation of skate CPUE for Shag Rocks for Depth, Nationality and Month was 
similar to that observed in north-west South Georgia (Model 3), with an increase in 
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CPUE with depth and Korea having the biggest CPUE of skate; while the CPUEs 
during May and June were significantly lower than during July. Chile suffered a 
marked change in its position within the fleet for skate CPUE with the second highest 
skate CPUE for the area, although the overall CPUE for the Rocks (Figure 5-10) area 
was lower than for north-west South Georgia (Figure 5-9). 
The effect of Bait species again showed that the use of squid alone produced the 
highest associated skate catches, significantly greater than any other bait type 
(Appendix B, Table B-2). Other bait mixes produced similar catch rates to those 
found in the north-west of South Georgia; however, South American pilchard had 
significantly lower catch rates than any other bait type (Appendix B, Table B-2). 
5.3.3.3  East of South Georgia 
A total of 820 lines of data from nine countries were originally available for this area; 
however, there were five nationalities with small data sets (Table 5-13). The smallest 
data set was for Japan, with data from two observed lines. This data set was 
considered an insignificant input to the model and was removed. New Zealand had the 
next smallest data set with information from 11 longlines; however, the relevance of 
this data was felt to be more significant because New Zealand only fished in two areas 
during the one fishing season. The other three nationalities with small data sets 
together contributed 100 lines of data, so they were left in the model unless there were 
indications of model instability. With the removal of Japan from the variable 
Nationality, the data from 818 longline settings were examined. 
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Table 5-13: Summary of numbers of longlines set by area around east South Georgia 
over the four-year period from 2001 to 2004 
Nationality 
East South 
Georgia  
Chile  219 
Japan  2 
Korea  268 
New Zealand  11 
Russia  111 
South Africa  26 
Spain  35 
Ukraine  0 
UK  109 
Uruguay  39 
Totals 820 
 
Initial results of the fitted GLM for the east of South Georgia (Appendix B, Table B-
3) indicated that the variable Soak time had no significant effect on skate CPUE, with 
the variable Month being the next of least significance. The Step function was used to 
determine that Month and Soak time were not adding significantly to the model. It 
was also noted that there were several small sample sizes within Bait which where 
causing instability within the model (Appendix B, Figure B-1), namely South 
American pilchard, and bait mixtures of South American pilchard and mackerel, and 
South American pilchard and squid. The step function was re-run with these bait types 
removed. The revised results indicated that the remaining bait types should be left 
within the main model, giving a total of 742 lines of data. 
The final revised GLM model for the east of South Georgia concluded that 
Nationality, Year, Depth zone and Bait species had a significant effect on the skate 
CPUE (Table 5-14). 
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Table 5-14: Revised final results of a GLM examining the causal effect of Year, 
Depth zone of capture, Bait species used and the Nationality effect on skate CPUE for 
the east of South Georgia from data collected between 2001 and 2004 
 df 
Explained 
deviance 
Residual 
df 
Residual 
deviance F value Pr (F) 
Null   741 635   
Nationality 7 97.9 734 537 20.29 0.000 
Year 3 14.4 731 522 6.98 0.000 
Depth zone 5 17.8 726 504 5.17 0.000 
Bait species 2 5.6 724 499 4.11 0.017 
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Figure 5-11: GAM/GLM plots for the revised model for examining causal effect on 
skate capture within the toothfish logline fishery in the east of South Georgia during 
2001–2004, where skate CPUE is the dependent variable and Year, Depth zone, Bait 
species and Nationality are independent variables 
 
Over the four-year period 2001–2004 there was a clear trend of significantly reducing 
skate CPUE with the highest CPUE occurring in 2001 in east South Georgia (Figure 
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5-11). The greatest fishing effort occurred in 2003, when 46% of all observed lines 
were set. Three nationalities, Korea, Spain and the United Kingdom, fished in the east 
of South Georgia area during each of the four years. New Zealand fished in the area 
for one season, 2003 (Appendix B, Table B-4). CPUE was seen to increase 
significantly with depth, with an increasing trend in number of lines being set at 
depths greater than 1250 m seen from 2002 to 2004 (Appendix B, Table B-4). 
5.3.3.4  South of South Georgia 
A total of 432 lines of data were available for the south of South Georgia. From an 
initial examination of the data it was clear that Korea and South Africa contributed 
very little to the overall data set (Korea, nine data lines and South Africa, four). As all 
the other nationalities contributed significantly larger data sets, Korea and South 
Africa were removed from the model. The final data set contained a total of 419 lines 
of data from five nationalities. 
In an initial analysis, Soak time and Bait species were found to have no significant 
effect on the skate CPUE in the south of South Georgia, with Year, Month, Depth 
zone and Nationality having significant influences (Appendix B, Table B-5). The use 
of a Step function confirmed that both Soak time and Bait species should be removed 
from the final model. 
Results of the final model for the south of South Georgia show that the four remaining 
variables have a significant effect on skate captures within this area. 
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Table 5-15: Results of the final GLM examining the causal effect of Year, Depth 
zone of capture, Month of capture and the Nationality effect on skate CPUE for the 
south of South Georgia from data collected during 2001–2004 
Variables df 
Explained 
deviance 
Residual 
df 
Residual 
deviance F value Pr (F) 
Null   418 306   
Year 3 21.6 415 284 12.49 0.000 
Depth zone 5 29.7 410 255 10.33 0.000 
Month 3 7.0 407 248 4.09 0.007 
Nationality 4 15.7 403 323 6.81 0.000 
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Figure 5-12: Results of the revised GAM/GLM model examining the causal effects 
on skate capture in the toothfish longline fishery in the south of South Georgia during 
2001–2004. Skate CPUE is the dependent variable and Year, Depth zone, Month and 
Nationality are independent variables 
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No clear trend for the effect of Year on skate CPUE are apparent from the 
GAM/GLM for the area south of South Georgia (Figure 5-15), with the exception of a 
reduction in skate CPUE during 2004. Results of a Tukey method of multiple 
comparisons (Table 5-16) confirmed that the observed skate CPUE for 2004 was 
significantly lower than that of 2002 or 2003, but not significantly different to that of 
2001. The no significant difference found by the Tukey Method of multiple 
comparisons between 2001 and 2004 may be due to the small sample size of observed 
longlines in 2001 (17) and the larger associated standard error in skate CPUE. 
 
Table 5-16: Results of a Tukey method of multiple comparisons, examining the 
individual years on skate capture in the south of South Georgia during 2001–2004 
 
Year 
comparisons Estimate Std Error 
Lower 
bound 
Upper 
bound Significance 
2001–2002 –0.4340 0.215 –0.987 0.120  
2001–2003 –0.3900 0.210 –0.931 0.152  
2001–2004 0.1260 0.219 –0.438 0.690  
2002–2003 0.0442 0.096 –0.204 0.293  
2002–2004 0.5600 0.114 0.264 0.855 **** 
2003–2004 0.5150 0.105 0.243 0.787 **** 
 
Of the four years examined, 2001 had the smallest proportion of longlines set, with 
only 4% of the total number of line set in the period. 2001 also had the smallest 
number of nationalities operating in the south of South Georgia (Spain and United 
Kingdom). 2003 had the largest number of longlines set with 45% of the total lines set 
in the four years (Appendix B, Table B-6). Only Spain and the United Kingdom 
fished during all the four years and New Zealand fished only during 2003. 
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The influence of Month on skate CPUE can be seen in Figure 5-12, with a peak in 
CPUE in July. A Tukey multiple comparison showed that CPUE in July was 
significantly higher than in May and June while August was not significantly different 
from May and June. 
5.3.4  Toothfish log-normal CPUE 
To understand the impacts that potential mitigation methods might have, for instance 
avoidance of certain areas with a high skate by-catch, or avoidance of a bait which is 
highly attractive to skate, it is necessary to consider the effects such actions would 
have on toothfish catch rates. 
In this section the results of GLM analyses of toothfish CPUE are examined and are 
expressed as numbers of fish per hook, CPUE(N). An alternative quantity could be 
toothfish weight per hook, CPUE(W) which, it can be argued, is more relevant given 
that fishermen are paid by the tonne and not by the fish. Estimates of catches by 
number are however, most comparable with the analyses presented above for skate, 
but the results for weight are also presented. Toothfish are found on almost all lines 
(about 98%) so separate binomial GLM on occurrence is not needed. Consequently, 
the models described in this section are log-normal CPUE for all positive sets. 
A total of 7345 lines of data were available for this part of the analysis, collected from 
ten nationalities over the four-year period 2001–2004 (Table 5-17). The criteria for 
selecting the data for this analysis was that they were complete data sets for the 
variables examined and there were toothfish within the catch. These criteria would 
allow for direct comparisons with the skate analysis results. 
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Table 5-17: Summary of the numbers of observed longlines (with complete data sets) 
set by nationality during 2001–2004 around South Georgia 
 
Results of a Q-Q norm plot for log toothfish CPUE (Figure 5-13) indicated that there 
was a departure of the residuals from an expected normal distribution. However, no 
other model formulation or link was shown to perform better (CCAMLR currently 
uses {family = robust(quasi(link = sqrt))} and has previously experimented with a 
Gamma family). 
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Figure 5-13: Q-Q Norm plot of log toothfish CPUE for 2001 and 2004 around South 
Georgia 
Nationality 
Year 
Totals 2001 2002 2003 2004 
Chile 3 513 1093 669 2278 
Japan 0 0 170 0 170 
Korea 216 53 139 170 578 
New Zealand 0 0 124 0 124 
Russia 80 119 272 0 471 
South Africa 136 111 198 138 583 
Spain 218 313 363 186 1080 
Ukraine 99 0 0 0 99 
United Kingdom 131 479 682 320 1612 
Uruguay 0 228 1 121 350 
Totals 883 1816 3042 1604 7345 
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Table 5-18: Results of the GLM examining the causal effect of Year, Area, Depth, 
Month, Soak time, Bait species and Nationality on toothfish number CPUE(N) for 
2001–2004 around South Georgia 
 
Table 5-19: Results of the GLM examining the causal effect of Year, Area, Depth, 
Month, Soak time, Bait species and Nationality on toothfish weight CPUE(W) for 
2001–2004 around South Georgia 
Variables df Deviance 
Residual 
df 
Residual 
deviance F value Pr (F) 
Null   6097 7060   
Year 3 2502.3 6094 4558 1354.53 0.000 
Depth zone 5 66.2 6089 4492 21.50 0.000 
Month 3 196.6 6086 4295 106.44 0.000 
Soak time h 1 15.9 6085 4279 25.85 0.000 
Area position 3 43.2 6082 4236 23.40 0.000 
Bait species 5 232.0 6077 4004 75.35 0.000 
Nationality 9 267.8 6068 3736 48.32 0.000 
 
Results of the initial fitted GLM indicated that all of the variables examined Year, 
Depth zone, Month, Soak time, Area, Bait species and Nationality, were having a 
significant causal effect on toothfish CPUEs (Tables 5-18 and 5-19). 
Although other factors are of more potential interest in terms of mitigating skate by-
catch, trends of toothfish CPUE over time are worthy of some comment, Examination 
Variables df 
Explained 
deviance Residual df 
Residual 
deviance F value Pr (F) 
Null   7344 9060   
Year 3 3265.6 7341 5794 1689.8 0.000 
Depth zone 5 316.6 7336 5477 98.32 0.000 
Month 3 155.1 7333 5322 80.27 0.000 
Soak time h 1 15.5 7332 5307 24.08 0.000 
Area Position 3 81.6 7329 5225 42.26 0.0000 
Bait species 5 148.8 7324 5076 46.21 0.000 
Nationality 9 364.6 7315 4712 62.89 0.000 
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of the GLM plot (Figure 5-14) for CPUE(N) clearly shows a significant increase in 
toothfish CPUE from 2001 to 2003 and a reduction in toothfish CPUE in 2004. This 
result was supported by a Tukey method of multiple comparison analysis (Table 5-
20), which clearly indicated that the increases were significant between years up to 
2003, where the largest increase in CPUE occurred. Toothfish CPUE dropped in 2004 
from 2003, but was still significantly higher than in 2001 and 2002. 
Of the ten nationalities fishing the toothfish longline fishery around South Georgia 
during the years 2001–2004, five nationalities fished in each of the four years, Chile, 
Korea, South Africa, Spain and United Kingdom. Three nationalities fished in only 
one year, New Zealand, Ukraine and Japan. The smallest number of longlines were 
set in 2001, 12% of total lines set. The largest numbers of lines were set in 2003 with 
41% of all lines set, a three-fold increase on 2001. The number of lines set from 2001 
to 2003 almost doubled year on year, with a similar reduction in the numbers of lines 
set in 2004. 
Similar results are obtained by an examination of toothfish weight CPUE(W) (Figure 
5-15). Note, however, that in terms of depth there is a double peak, with the highest 
CPUE in the depth zone 500–750 m and a second peak in the zone 1250–1500 m. 
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Figure 5-14: Results of GAM/GLM plots examining causal effect on toothfish 
number CPUE(N) within the toothfish longline fishery around South Georgia during 
2001–2004, where toothfish CPUE is the dependent variable and Year, Depth zone, 
Month, Bait species, Soak time, Area and Nationality are independent variables 
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Table 5-20: Results of a Tukey method of multiple comparisons, examining the year 
on year toothfish CPUE during the years of 2001–2004 around South Georgia 
Year 
comparisons Estimate Std Error 
Lower 
Bound 
Upper 
Bound Significance 
2001–2002 –0.523 0.0365 –0.6 –0.43 **** 
2001–2003 –1.77 0.034 –1.9 –1.68 **** 
2001–2004 –1.54 0.0372 –1.6 –1.45 **** 
2002–2003 –1.24 0.0263 –1.3 –1.18 **** 
2002–2004 –1.02 0.0304 –1.1 –0.94 **** 
2003–2004 0.224 0.0274 0.15 0.295 **** 
 
From Figure 5-15, the GAM/GLM plot for Year shows an increase in toothfish catch 
weight CPUE(W) from 2001 to 2003 with the largest increase occurring between 
2002 and 2003 with a subsequent decrease in CPUE in 2004. However, the CPUE for 
2004 was still significantly higher than in 2001 and 2002. This result is supported by a 
Tukey Method of Multiple Comparison analysis (Table 5-20), which shows that the 
increases were significant between years up to 2003, where the largest increase in 
CPUE occurred and although CPUE dropped in 2004 it was still significantly higher 
than in 2001 and 2002. 
A trend of declining toothfish number CPUE(N) with depth can be seen in Figure 5-
14. Toothfish CPUE was highest in the depth band 500–750 m, and lowest in the 
depth bands of 1500–1750 m and 1750–2000 m. This trend of reduced toothfish 
CPUE with depth is clearly indicated by the results of a Tukey method of multiple 
comparisons (Table 5-20), where the depth band of 500–750 m was found to have a 
significantly higher toothfish CPUE than all other depth bands. No significant 
differences in toothfish CPUE were found between the 1500- to 1750-m and 1750- to 
2000-m depth zones. The depth zone 1750–2000 m was also found to have a 
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significantly lower toothfish CPUE than both the 1000- to 1250-m and 1250- to 1500-
m depth zones. 
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Figure 5-15: Results of GAM/GLM plots examining causal effect on toothfish weight 
CPUE(W) within the toothfish longline fishery around South Georgia during 2001–
2004, where toothfish CPUE is the dependent variable and Year, Depth zone, Month, 
Bait species, Soak time, Area and Nationality are independent variables 
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Table 5-21: Results of a Tukey method of multiple comparisons showing the 
significance of individual levels within the categorical variable depth zone for causal 
influence on toothfish number CPUE over the four-year period 2001–2004 for South 
Georgia 
Depth band comparisons Estimate 
Std 
Error 
Lower 
Bound 
Upper 
Bound 
Significan
ce 
500–750 and 750–1000 0.599 0.0479 0.46 0.735 **** 
500–750 and 1000–1250 0.467 0.0376 0.36 0.575 **** 
500–750 and 1250–1500 0.493 0.0359 0.39 0.595 **** 
500–750 and 1500–1750 0.604 0.0499 0.46 0.747 **** 
500–750 and 1750–2000 0.848 0.1140 0.52 1.170 **** 
750–1000 and 1000–1250 –0.131 0.0462 –0.3 0.0004  
750–1000 and 1250–1500 –0.106 0.0448 –0.2 0.0215  
750–1000 and 1500–1750 0.006 0.0566 –0.2 0.167  
750–1000 and 1750–2000 0.250 0.1170 –0.1 0.584  
1000–1250 and 1250–1500 0.0252 0.0336 –0.1 0.121  
1000–1250 and 1500–1750 0.137 0.0483 –0.0 0.275  
1000–1250 and 1750–2000 0.381 0.113 0.06 0.704 **** 
1250–1500 and 1500–1750 0.112 0.0469 –0.0 0.246  
1250–1500 and 1750–2000 0.356 0.113 0.03 0.678 **** 
1500–1750 and 1750–2000 0.244 0.118 –0.1 0.58  
Note: Where both upper and lower bounds are > 0 or < 0, this indicates a significant difference between 
levels: > 0 = significantly higher; < 0 = significantly lower. Where either the upper or lower bound is 
negative and the other bound is positive, this indicates no significant difference between levels 
 
Examination of the number of longlines set at depths greater than 1250 m by the 
whole fleet show that Chile set the largest proportion of the total fleet’s lines at depths 
greater than 1250 m and Ukraine the least. However 75% of all lines set by Korea 
were set at depths greater than 1250 m, compared with the fleet average of 45% 
(Table 5-21). 
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Table 5-22: Summary of the total numbers of observed longlines set by nationality at 
depths greater than 1250 m in the toothfish longline fishery around South Georgia 
during the years 2001–2004 
 
Toothfish CPUE over the four-month fishing season appears to be at its highest in the 
month of May, with all the other months having a lower toothfish CPUE, July having 
the lowest. The results of a Tukey method of multiple comparisons analysis looking 
for the influence of levels within the independent variable Month, indicated that there 
were no significant differences between the influence of May, June and August on 
toothfish CPUE, but that all three months had a significantly higher toothfish CPUE 
than July (Table 5-23). 
 
 
Nationality 
Total 
lines set 
Total lines 
> 1250 m 
Proportion of 
total lines by fleet 
at depths 
> 1250 m 
Percentage of lines set by 
nationality > 1250 m 
Chile 2278 1004 32% 44% 
Japan 170 76 2% 45% 
Korea 578 434 14% 75% 
New Zealand 124 59 2% 48% 
Russia 471 292 9% 62% 
South Africa 583 150 5% 26% 
Spain 1080 376 12% 35% 
Ukraine 99 31 1% 31% 
United 
Kingdom 1612 583 18% 36% 
Uruguay 350 158 5% 45% 
Totals 7345 3163   
Mean 734.5 316.3   
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Table 5-23: Results of a Tukey method of multiple comparisons, examining the 
relationships between Month and toothfish CPUE for the toothfish longline fishery 
around South Georgia during 2001–2004 
 
 
The relationship between Soak time and toothfish CPUE (Figure 5-16) shows a 
significant negative regression, with toothfish CPUE reducing with the increased time 
a longline is in the water. This result is somewhat counter intuitive as there should be 
period of time in when the toothfish CPUE would be expected to increase with Soak 
time. To examine this further a GAM function was run examining all variables and a 
spline function was added to the model on the variable Soak time. The results of the 
GAM for Soak time (Appendix B, Figure B-2) shows that although there is an overall 
trend of declining toothfish CPUE with increased Soak time, a positive relationship 
with increasing CPUE can also be seen for short soak periods rising to a peak CPUE 
occurring around twenty five hours from setting (Figure 5-16). 
 
 
Month comparisons Estimate Std Error 
Lower 
Bound 
Upper 
Bound Significance 
May–June 0.0118 0.0336 –0.10 0.0981  
May–July 0.3200 0.0356 0.23 0.4110 **** 
May–August –0.0632 0.0393 –0.20 0.0378  
June–July 0.3080 0.0351 0.22 0.3980 **** 
June–August –0.0750 0.0388 –0.20 0.0248  
July–August –0.3830 0.0406 –0.50 –0.2790 **** 
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Figure 5-16: GAM/GLM plot examining the effect of Soak time on the number of 
toothfish caught within the longline fishery around South Georgia during 2001–2004 
 
Of the ten nationalities, Korea had the longest soak times for longlines with the 
average time set by Korea of 34 hours, 11 hours longer than the fleet average of 23 
hours. The Ukraine had the shortest soak times, which on average were 17 hours, 6 
hours less than the fleet average (Figure 5-17). 
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Figure 5-17: Summary of average number of hours longlines are set by nationality 
 
The GLM plot of bait species indicates that South American pilchard and mackerel 
baits had higher associated toothfish CPUE than squid. Examination by multiple 
comparisons of the levels within the variable Bait species show that, where squid bait 
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was used exclusively, a significantly lower toothfish CPUE resulted. South American 
pilchard had the highest associated toothfish CPUE of all bait types and mixes. Where 
mixed bait types included squid, there was a significant reduction in toothfish CPUE 
compared with longlines, where only pilchard or mackerel were used (Appendix B, 
Table B-7). A total of 52% of all longlines set in the South Georgia fishery during 
2001–2004 used mackerel for bait, with mixed baits of mackerel and squid used in 
20% of all the lines set. Pilchard and squid mixed baits were used on 10% of all 
longlines set, with the bait mix of pilchard and mackerel being used the least at 3% of 
lines set (Table 5-23). There was no significant difference in the relationships between 
Bait species and toothfish number CPUE (Figure 5-14) and toothfish weight CPUE 
(Figure 5-15). 
 
Table 5-23: Summary of observed longlines by bait species used and nationality in 
the longline fishery around South Georgia during the years of 2001–2004 
Nationality 
Bait type 
Totals CHP CHP/MAX CHP/SQQ MAX/SQQ MAX SQQ 
Chile 0 0 0 0 2278 0 2278 
Japan 73 0 0 72 25 0 170 
Korea 0 0 0 355 1 222 578 
New Zealand 0 0 0 72 52 0 124 
Russia 66 0 0 104 133 168 471 
South Africa 0 0 0 499 84 0 583 
Spain 28 70 0 131 839 12 1080 
Ukraine 0 0 0 0 0 99 99 
Uruguay 0 118 0 125 107 0 350 
United Kingdom 544 46 382 82 294 264 1612 
Totals 711 234 382 1440 3813 765 7345 
 
Model prediction of toothfish number CPUE(N) by Area (Figure 5-15) showed that 
the east of South Georgia had the highest CPUE, the north-west of South Georgia and 
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the Shag Rocks areas had the lowest. The prediction for toothfish weight CPUE(W) 
by Area (Figure 5-16) produced a similar result. Examination of the categorical 
variable Area with a Tukey multiple comparison showed that the north-west of South 
Georgia had the lowest CPUE, but that the three other areas were not significantly 
different from one another. 
The United Kingdom and Chile had the highest toothfish CPUE of the fleet for the 
years 2001–2004, and Japan and South Africa the lowest toothfish CPUE. 
 
5.4 Discussion 
As a by-catch within the longline fishery around South Georgia, the findings of this 
study shows that skate are present in all areas, depths and months where and when 
longlines have been set. The results of this study indicate that the probability and rate 
of skate capture increases significantly with increasing depth at which a line is set, the 
area in which fishing occurs, the bait type used, the nationality of the fisher and the 
length of time the line is on the seabed. Although these were the general trends, 
Month had no significant influence on the probability of capture and soak time had no 
significant influence on catch rate. However the worst case scenario of skate capture, 
as predicted by the results of this study, suggests that a Korean vessel, using squid or 
squid-mackerel mix bait, in the areas NW Georgia and Shag Rocks, in July, at depths 
greater than 1200 m, with the longline set for an extended period of time, will return 
the highest capture rates for skate. 
A study of skate caught within the toothfish longline fishery in the Ross Sea by 
Ballara and O’Driscoll in 2005 also found that Area, Year, Depth, Effort (number of 
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hooks) and Month all had a strong significant effect on the capture of Skate, but they 
did indicate that this finding was very tentative due to their limited data. 
Between 2001 and 2004 there was a significant reduction in the overall recorded skate 
CPUE around South Georgia (Figure 5-4).That this trend became apparent in just four 
years is worrying. Examination of the contributory factors shows that of the four areas 
around South Georgia, the north-west of South Georgia was the only area where there 
was no significant change in skate CPUE (Figure 5-8), with the other three areas 
seeing a declining Skate CPUE. A recent study by Agnew et al. (2007) of the South 
Georgia ray populations also found that there were clear signs of a decrease in skate 
CPUE and in the estimated total annual tonnages caught from 1995 to 2005. Further 
investigations by Agnew et al. (2007) into more recent catch data (2002–2006) found 
that there was an increase in skate CPUE in 2005 and again in 2006, though the model 
suggested that the increase observed in 2005 was not a population response but was 
due to some other mechanism such as longline type or fishing strategy. 
Although the above analysis suggests that the year of highest catch rates of skate was 
2001, it should be noted that this was the first year of fleet wide data collection by 
observers, and the observer data may therefore not be as reliable as for later years. 
2001 was also the year that GSGSSI brought in individual quotas for each fishing 
vessel; before this time vessels competed to catch as much as they could before a 
single South Georgia quota was reached. This change in fishing strategies may have 
caused the higher skate CPUE observed in 2001. 
This study found that there was a general shift in fishing strategy, away from fishing 
in shallow waters of less than 1000 m towards a progressive expansion into deeper 
water (Figure 5-18) over the four years studied. It should also be noted that there was 
a further change in management, in 2004, when setting lines shallower than 500m was 
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prohibited. This was to reduce fishing pressure on juvenile toothfish, and naturally 
caused an increase in the mean depth of fishing, which can clearly be seen in Figure 
5-18. 
Should this strategy continue, increases in skate CPUE will most likely occur, as was 
reported by Agnew et al. (2007), though this will most likely be due to fishing in 
aggregation areas and not due to population increase. As was shown in Chapter 4, 
Amblyraja sp. anon and Bathyraja meridionalis were not only found in deeper water, 
they occur with increasing abundance with increasing depth. Currently A. sp. anon is 
the most caught species throughout the fishery. However, this could change if the 
current trend towards fishing in deeper waters continues with a possible increase in 
captures of B. meridionalis. 
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Figure 5-18: Proportion of hooks set at depth over the time period 
 
All of the GLM analyses described in this chapter show skate CPUE increasing 
almost linearly with depth, and Mitchell (personal communication) has established 
that both species have been caught to 2400 m. This contrasts strongly with the trend in 
toothfish CPUE, which suggests highest catch in numbers in shallow water and 
highest catch in weight in 1250–1500 m. 
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Agnew et al. (2007) found that the gully between the east of Shag Rocks and the 
western edge of the South Georgia shelf had an incidence of high skate capture and 
suggested that this area might be of importance to the local skate population as a 
possible breeding ground. Unfortunately their study did not discriminate between 
skate species. 
However, the findings in Chapter 3 of this thesis, examining the distribution of the 
three skate species by area, depth, sex and stage of maturation, show significant 
differences in distribution patterns between the species and indicate that there are 
specific geographical locations around South Georgia in which there are aggregations 
of skate differentiated not only by sex but also by stage of maturity for each skate 
species. 
A. sp. anon, which is the most commonly caught skate species within the fishery, is 
distributed throughout the whole fishery but also appears to congregate in quite 
specific localized areas (Chapter 3, Figures 3-7 and 3-16). An aggregation, consisting 
of animals of mixed maturity and sex, including skate of both sexes that were ready to 
breed and females that had discharged eggs, was found almost due east of South 
Georgia. Similar groupings have also been identified for A. georgiana (Chapter 3, 
Figures 3-8 and 3-19) with a group of mature skate of both sexes found to the west 
north west of Shag Rocks and B. meridionalis (Chapter 3, Figures 3-9 and 3-22) with 
mature animals of both sexes caught to the east of Shag Rocks and due north of South 
Georgia. The aggregation of A. sp. anon identified above and the coincident area of 
high CPUE identified by Agnew et al. (2007) is, in the opinion of the author, 
extremely important as it is the only breeding area identified to date for any of the 
three skate species. 
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This study found that the fleet-wide skate CPUE around South Georgia was highest in 
July. These findings correspond with the findings of Chapter 3, where it is shown that 
there was increase in the ratio of female to male skate caught during the month of 
July, suggesting that females move into some fished areas from outside the fished area 
to breed (Figure 3-31). This finding contrasts with the pattern of toothfish capture, 
where CPUE is at a minimum during the spawning season in July and August. 
The fact that Year and Month did not have any significant effect on the probability of 
capture tends to indicate that skate are present throughout the fishing season and there 
is no population migration away from the fishing area. 
The type of bait used within the longline fishery had a consistent, significant effect on 
both the probability of skate capture and skate CPUE. Of the six bait types, squid and 
mixtures of squid and fish, and also pilchard/mackerel mixes significantly increased 
the probability of skate capture and the skate CPUE in most areas. It is plausible that a 
reduction in the use of squid bait within the fishery would reduce both the probability 
of skate capture and capture rates. 
Squid is used because it is retained by the hooks, and, although the results suggest that 
it is less successful in catching toothfish than some other bait (Figure 5-14), it is used 
on a number of vessels using Spanish-type longlines. It is easy to cut squid into 
chunks to suit automatic baiting machines (Illex argentinus and Dosidicus gigas are 
used) so autoliners use squid bait preferentially. Consequently, an increase in the 
number of autoliners using squid within the South Georgia Longline fishery could 
increase the total skate by-catch. Over the last few years there has been a significant 
increase in the number of autoliners fishing around South Georgia. Agnew et al. 
(2007) reported that there was a significant difference in the skate CPUE between 
vessels using autoline systems and Spanish rigged lines, although Ballara and 
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O’Driscoll suggested that there was no discernable difference between the two 
systems. Of the ten nationalities that fished around South Georgia during the four 
years examined in this study, fishing vessels of Korean nationality were found to have 
a proportionally higher number of lines with skate present (an average of 85% of their 
lines over the four years) than any other nationality (Table 5-2). Korean vessels also 
had the highest skate CPUE of all the nationalities that fished around South Georgia 
over the four years examined (Figure 5-4). Close examination of the fishing strategy 
employed by Korean vessels show that they consistently used squid or squid-
associated bait (Table 5-11; Appendix B, Tables B-8 and B-9), they set a high 
proportion of their lines (over 75%) at depths greater than 1250 m, and the soak time 
of the lines was on average 11 hours longer that the fleet average soak time (Figure 5-
16). Results of the binomial model indicate that the longer a longline is left on the sea 
bed the greater the probability of skate capture (Figure 5-1). It is most likely that a 
combination of these factors has resulted in the marked disparity observed between 
Korean skate CPUE and that of the rest of the fleet. 
These results suggest that the probability of capture and the number of skate caught 
could be influenced by the fishers using various mitigation measures. By examining 
the factors affecting toothfish capture by number and weight of fish caught, it is 
possible to identify possible areas where mitigation measures could be implemented 
that would simultaneously reduce skate catch without reducing toothfish catch. 
Restricting the fishery to shallower depths could reduce the number of skate captures 
without significantly affecting the number of toothfish captures, as it was clearly 
shown that the overall number of toothfish caught reduces with depth. A similar trend 
was seen for toothfish weight, although there is a small increase in weight CPUE at 
around 1250–1500 m (Figure 5-15) compared with 1000–1250 m, this appears to be a 
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consequence of the presence of larger toothfish at depth. This factor is one of the 
driving forces behind the progressive increase in fishing depth seen within the fishery 
(Figure 5-18). A depth restriction is already in place around South Georgia, which 
prohibits fishing at depths shallower than 500 m to protect juvenile toothfish. This 
restriction, introduced in 2004, could possibly benefit A. georgiana, which mainly 
occurs in waters less than 700 m deep. 
A very simple model using existing capture data from this study was constructed to 
examine the effects of restricting the maximum depth at which lines could be set to 
depths of either 1250 m or 1500 m. For each year from 2001 to 2004 the actual 
number of hooks set, and the catches of skate and toothfish were calculated by depth 
band from the data analysed in this chapter. The effect of prohibiting fishing below 
certain depths was examined by redistributing the effort (hooks set) in those deeper 
waters to shallower waters, proportional to the original distribution of effort in those 
shallower areas, so that total reported catch of toothfish (see Table 1 in Appendix J of 
CCAMLR, 2007b) was maintained. The mortality rates determined in Chapter 4  
(25% for depths shallower than 1250 m, 54% for depths 1250–1500 m, and 76% for 
depths greater than 1500 m) were applied to these total captures. 
The summary of the results of this simple model (Table 5-24) predicts that, if a fleet-
wide depth restriction had been in place during the period of 2001–2004 at 1500 m, 
there would have been a reduction in the projected total number of skate mortalities of 
approximately 39%. With the depth restriction for fishing set at 1250 m, the projected 
skate mortality would reduced by approximately 81%. 
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Table 5-24: Predicted changes in skate captures and deaths following discard 
(numbers) resulting from potentially restricting fishing to waters shallower than two 
candidate depth limits 
Year 2001 2002 2003 2004 
Toothfish catch (t) 4,047 5,742 7,528 4,497 
Estimated total skate captures 53,568 29,402 67,047 33,766 
Estimated total skate deaths 29,808 15,167 37,122 19,087 
Mean depth fishing (m) 1137 1145 1180 1299 
Hooks set > 1500 m 12% 17% 14% 24% 
Toothfish catch > 1500 m 13% 11% 10% 17% 
Depth restriction 1500 m     
Predicted skate captures 40,875 23,677 51,138 23,567 
Predicted skate deaths 18,523  9,904 23,472  9,990 
Improved skate survival 38% 35% 37% 48% 
Depth Restriction 1250 m     
Predicted skate captures 20,445 14,895 23,763 16,293 
Predicted skate deaths 5,111 3,724 5,941 4,073 
Improved skate survival 83% 75% 84% 79% 
 
The effect of Month shows that there is a progressive reduction during the fishing 
season, of toothfish CPUE by number and weight (Figures 5-14 and 5-15) with the 
lowest captures occurring during July. It could be argued that if fishing was restricted 
to May and June there would be a significant reduction in skate captures; however, 
very few fishing vessels follow a fishing strategy that enables them to fulfil their 
quota in a two-month period. 
Unlike skate, results from a multiple comparison analysis show that toothfish CPUE 
is at its highest when South American pilchard is used as bait, and captures are 
significantly lower when squid or squid mixtures are used (Appendix B, Table B-7). 
This finding combined with the results of the effect of Bait type on the probability of 
skate capture and on skate CPUE suggest that there is a strong case to question the 
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continued use of squid as bait within the longline fishery. Its disuse would 
significantly reduce the by-catch of skate. 
Results of the analysis of toothfish CPUE and soak time indicated that there were two 
optimal time periods for a line to be set, with peak toothfish numbers being caught in 
the period 40–45 hours (Figure 5-17) and the peak toothfish CPUE occurring in the 
period 24–26 hours from line setting (Appendix B, Figure B-2). It would appear that 
there is scope for further reductions in skate captures by regulating the time for which 
a longline is set. However, it should be acknowledged that most vessels already aim 
for a 24-hour setting cycle. 
Although toothfish are caught in all areas around South Georgia, their overall 
distribution, based on the capture data used in this study, appears to be markedly 
different to the distribution of A. sp. anon, which is the most frequently caught 
incidental by-catch species in the fishery. Over the four-year period of this study, the 
highest toothfish CPUE (by number) occurred in the east of South Georgia area with 
south of South Georgia ranking second, north-west of South Georgia ranking third 
and the Shag Rocks area fourth (Figure 5-14). This contrasts markedly with the 
findings for A. sp. anon, where the highest CPUE (by number) was recorded for the 
Shag Rocks area with north-west South Georgia second, south of South Georgia third 
and east of South Georgia fourth (Figure 5-4). 
Since 2004, which was the last year for which data are used in this study, there has 
been a significant increase in the number of auto liners operating in the South Georgia 
toothfish fishery. During the period of this study, one custom built auto liner and one 
converted trawler each operated for one season only in the fishery (Table 5.1 and 5.2).   
The two vessels contributed only a very small proportion of the data used in this study 
and no effort has been made to separate these data from the results obtained from 
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vessels using the Spanish double line system but the overall findings of this study are 
not only relevant, today, within this changing fishery, they are also extremely relevant 
to the control of the consequences of the use of autoliner fishing techniques.   
The manual baiting of the hooks used in the Spanish double line system is a slow, 
dangerous, labour intensive process which requires a large crew and limits the number 
of baited hooks than can be set in a given period of time. With the ever increasing 
pressures on vessel operators to keep operational costs to a minimum, the speed of the 
automated baiting of hooks on auto liners means that more lines can be set in the same 
time period, with fewer crew and less risk of personal injury,.  Although the number 
of hooks placed in the water can be dramatically increased, the rate of retrieval of the 
lines, recovery of the catch and removal of by-catch are, at best, unchanged to that of 
the Spanish double line system. As shown by this study the probability of skate 
presence on the line increases significantly with increased soak time.  Auto line 
vessels operating around South  Georgia are historically known to prefer squid bait 
because it is easy to use with an automated baiting system and because of it’s 
durability on the hook. This study has shown that squid and squid bait mixes, 
regardless of the system used, catch more skate than other baits. 
These factors, together with a trend to try to increase toothfish catch by fishing at 
greater depths mean that the fishery is moving into areas shown by this study to have 
higher incidental skate capture rates.   
 Although the progression from Spanish double system to autoliners has not changed 
the conservation concerns raised by the capture and probable deaths of skate and other 
by-catch species, it has increased an already urgent need for management 
interventions, possibly including depth and area restrictions, possible limits on total 
hook numbers set within a day, limits to the total soak-time per line and especially a 
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change of the bait type used by autoliners in the fishery.  At the end of the day, there 
is no intrinsic difference between the two fishing systems, they both deliver a baited 
hook to a fish at the bottom of a deep sea, it is just that an autoliner does it better.  
5.5 Conclusion  
Chapter 5 examines the results of the first comprehensive data collection and analysis 
of skate bycatch within the toothfish longline fishery around South Georgia using data 
collected during the 2001 to 2004 fishing seasons.  
The results of this analysis indicated that the probability of skate capture was not 
affected by year however there was a significant reduction in skate CPUE over the 
four years examined in this study. Both the probability of skate presence on a line and 
skate CPUE were found to increase significantly with depth. Month of capture was 
found not to have an effect on the presence of skate on the line but was significant in 
relation to CPUE, with July having increased numbers of skate captures compared 
with the numbers for May and June. The area in which fishing occurred was found to 
have a significant effect on both the number of lines with skate present and the 
number of skate caught.    
This study found that the nationality of vessels operating around South Georgia also 
significantly affected the probability of skate capture and the number of skate caught. 
This was due to the various fishing strategies adopted by the captains and fishing 
masters of the vessels. The type of bait used affected both the number of lines with 
skate present and the total number of skate caught, with Squid baits increasing both 
the probability of skate capture and skate capture rates.  
Length of time that a longline was left on the seabed had a significant effect on the 
probability of skate capture, however there was no apparent trend of increasing CPUE 
with time. 
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The variation in the catch of the targeted and the primary by-catch species with area 
tends to suggest that actions based on restrictions to toothfish fishing activities in 
gross areas of the fishery could impact on the size of the skate by-catch. There are 
also reasons to believe that this would not be as effective as mitigation measures 
which took the species specific characteristics of the by-catch into account. This 
realisation highlights the importance of understanding the life history traits of both the 
targeted and the by-catch species and their relevance to any plausible conservation 
management proposal. From the analysis of the results it is possible to examine 
possible management strategies that will reduce skate captures without reducing 
toothfish CPUE. These management strategies will be discussed further in Chapter 6.      
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6 Conclusions 
6.1 Summary and main findings 
At the start of this research into the impact of the longline fishery on skate populations 
around South Georgia, there was very little data available to identify the species of 
skate or the numbers caught as by-catch. Concerns about elasmobranch captures, 
particularly sharks and skates, within the longline fisheries in CCAMLR waters were 
raised as early as 1996 (CCAMLR, 1996), although it was not until 1998 that 
CCAMLR’s Fish Stock Assessment Working group confirmed the long-term need to 
document and assess (in general) the by-catch fishes within the conservation area 
(CCAMLR, 1998). When effort was focused on data collection, problems soon arose 
regarding the quality and continuity of the data being collected and most importantly 
which species of Rajidae were being caught. Initial feedback from observers in the 
field indicated that numerous species of skate were being caught, with Amblyraja 
georgiana being named as the most prevalent capture (Agnew et al., 1999). 
This study focuses on the skate by-catch within the toothfish longline fishery around 
South Georgia, examining speciation, biological parameters, post-capture survival and 
fleet capture data. An initial intensive field data collection and laboratory research 
phase was undertaken early in the study to identify the species present and determine 
their biological characteristics. A comprehensive fleet-wide skate data collection 
scheme was started to determine capture rates of skate. In addition a field experiment 
was designed and run on board a longlining vessel to examine the post-haulage 
survival of skate. 
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Taxonomy 
The initial results from skate data collection indicated that the concern raised by 
Endicott et al. in 2000, that there was an unknown Amblyraja species present in the 
by-catch, was justified. Findings from this research confirmed that there were two 
Amblyraja forms (A. georgiana and A. species anon), and one Bathyraja species (B. 
meridionalis) being caught within the fishery. 
It was clear that taxonomic work would be needed to establish whether A. sp. anon 
was indeed a separate skate species and therefore a different population to that of A. 
georgiana. Several suggestions were made by colleagues that this form of skate was 
either an adult form of A. georgiana or that the visual differences between the two 
forms were a consequence of spatial and environmental differences of habitat. 
A wide variety of authorities on skate taxonomy were consulted during the project: 
the Department of Zoology, University of Dublin; the University Zoological Museum, 
Hamburg, Germany; the Shark Research Centre at Iziko Museum in Cape Town, 
South Africa; the Museum of New Zealand Te Papa Tongarewa, Wellington, New 
Zealand; the Falkland Islands Fisheries Department, Stanley, Falkland Islands; British 
Antarctic Survey, Cambridge, UK; and the National History Museum, London, UK. 
Skate morphology and anatomy was examined in detail according to the standard 
methods described by Hubbs and Ishiyama (1968), Stehmann (1970) and Hulley 
(1970). 
It was obvious that there was a striking visual difference between the two forms of 
Amblyraja, although this characteristic alone should be used with caution as it may 
not be totally reliable. In both forms the body shape is very similar for both males and 
females, however, male A. georgiana have proportionally longer claspers relative to 
total length than A. sp. anon. Detailed examination of the cartilaginous skeleton of the 
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claspers of both forms revealed complex differences in the axial cartilage (including 
the end-style), ventral cartilage, ventral terminal cartilage and the accessory terminal 1 
cartilage (Chapter 2, Figures 2.7, 2.8 and 2.9). 
Both immature and mature specimens were examined for each form. It was 
determined that A. sp. anon was the larger skate with an estimated mixed sex total 
length at 50% maturity of approximately 97 cm and for A. georgiana an estimated 
mixed sex total length of approximately 84 cm. 
Spatially A. georgiana is found in shallower waters (300–500 m). This finding is 
consistent with previous studies by Bigelow and Schroeder (1965), Permitin (1969), 
Fischer and Hureau (1985) and Gon and Heemstra (1990), while A. sp. anon was 
found predominantly at greater depths (1200–1600 m; Chapter 2, Figure 2-11) . 
The conclusion of the examinations in Chapter 2 of this thesis found that A. georgiana 
and A. sp. anon should for the purposes of management be classed as separate species. 
A paper was prepared and submitted to CCAMLR (Endicott et al., 2002), where the 
Working Group accepted the findings and agreed that the CCAMLR Species 
Identification Sheets should be updated with the new information supplied 
(CCAMLR, 2002, para. 10.9). A. sp. anon appears to be not only a previously 
unrecorded species of skate within the fishery, but also an undetermined one. 
Biology 
The available data on Rajidae species, especially deep water species, tends to be poor 
(Walker, 1998), with a data deficiency in the areas of the abundance of the species, 
the species’ spatial and temporal distribution, fecundity, growth and development. All 
of these factors are necessary to predict the impact of fishing on a virgin population. 
  
 242 
Simple species field guides to assist with the identification of B. meridionalis, A. 
georgiana and A. sp. anon were developed for use by observers on working fishing 
vessels. 
Of the three species caught within the fishery around South Georgia, B. meridionalis 
was found to grow to the largest size and weight of the species caught (Chapter 3, 
Table 3-1), reaching estimated, approximate total lengths at 50% maturity of 121 cm 
for males and 126 cm for females (Chapter 3, Figure 3-15). Of the two Amblyraja 
species, A. sp. anon was the larger of the two, reaching estimated total lengths at 50% 
maturity of 96 cm for males and 98 cm for females (Chapter 3, Figure 3-14). 
Insufficient data were collected for either sex to allow for estimates of length at 50% 
maturity for A. georgiana, but a mixed-sex estimate of total length at 50% maturity 
was 82 cm (Chapter 3, Figure 3-13). This is a significantly shorter total length than 
that described by Francis (2006) for the Ross Sea skate A. georgiana (males 92 cm 
total length, females in the region of 95–100 cm). 
A preliminary examination of age determination in these skates, using thorn and 
vertebral samples, suggested that A. georgiana have an estimated maximum age of 25 
years from vertebral section readings and 23 years from thorn section readings 
(Chapter 3 Table 3-5), with a mixed sex age at 50% maturity in the region of 12 years 
(Chapter 3, Figure 3-29). A. sp. anon was estimated to have a maximum age of 17 
years from vertebral section readings and 24 years from thorn readings (Chapter 3 
Table 3-5), with a mixed-sex estimated age at 50% maturity from thorn readings of 16 
years and a vertebral section age at 50% maturity of 13 years (Chapter 3, Figure 3-
27). Mixed-sex estimates for B. meridionalis gave a maximum age from vertebral 
sections of 17 years and 24 years from thorn sections (Chapter 3 Table 3-5), while the 
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mixed-sex estimated age at 50% maturity was 15.5 years for thorn readings and 16 
years for vertebral section readings (Chapter 3, Figure 3-28). 
The spatial distribution of the two Amblyraja species appears to be directly related to 
depth, with A. georgiana inhabiting the upper slopes, generally 100–900 m (Chapter 
3, Figures 3-20 and 3-21), and A. sp. anon, the lower slopes, 1,000–2000 m (Chapter 
3, Figures 3-20 and 3-21) . B. meridionalis has a wider depth range, with animals 
caught between 300 and 2000 m (Chapter 3, Figures 3-23 and 3-24). Geographically 
all three species of skate are caught around South Georgia, although this study has 
been able to identify several localised areas of aggregation and what appear to be 
breeding grounds. A localised area of breeding and oviparity was identified for A. 
georgiana to the west northwest of the Shag Rocks (Chapter 3, Figure 3-19). Several 
concentrations of mature male A. sp. anon were identified, although there was only 
one area, due east of South Georgia where mature and running males were found 
together with breeding, oviparity and post-partum females (Chapter 3, Figure 3-16). 
With the available data it was only possible to identify the presence of mature male 
and breeding, oviparity and post-partum female B. meridionalis in a wide area due 
east of Shag Rocks (Chapter 3, Figure 3-22). 
Post-capture survival 
The aim of Chapter 4 was to establish the proportion of the skate caught and 
subsequently released or cut off the line that survive. Obviously it was not possible to 
track the recovery of released skate, so the experiment was designed to examine the 
recovery or death of skate held for a defined period of time in water filled tanks 
onboard the vessel of capture. 
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A specially constructed system with eight tanks with a pumped sea water supply 
(Chapter 4, Figure 4-2) was installed on the foredeck of a longline vessel. A total of 
102 skate from the three species were opportunistically selected from hauled longlines 
for this experiment. Each skate was placed in a tank for up to 12 hours, at which point 
each skate was graded: ‘Likely to survive’, ‘Intermediate’ or ‘Unlikely to survive’. A 
post-mortem examination was performed on those skate that did not survive the 12-
hour period. Those skate that were found to be alive after the experimental period and 
deemed to be ‘likely to survive’ were tagged and released back to the ocean. 
Depth of capture appears to be a prominent factor affecting post-haulage survival of 
skate within the longline fishery. The experiment showed that skate caught at depths 
between 1200 and 1300 m had an estimated 75% chance of survival, whereas the 
predicted survival possibility for skate caught at depths between 1300 and 1500 m 
dropped to 46%. Skate taken from depths greater than 1500 m were estimated to only 
have a 24% chance of recovery from capture. There is some suggestion that male 
skate survive better than females. 
This experiment was the first comprehensive experimental investigation of post-
capture survival of skate within a longline fishery in the Antarctic and was published 
in CCAMLR Science (2004, Vol. 11, pp. 155–164). The results of this experiment 
remain the only information that is available to CCAMLR for predicting the 
survivorship of skate discarded or cut-off a longline, and are used routinely by the 
Fish Stock Assessment Working Group to understand the impact of fisheries on skate. 
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Analyses of spatial and temporal trends in skate occurrence and catch per unit effort 
Until this study, the factors affecting skate capture within the toothfish longline 
fishery around South Georgia had not been examined. Here the probability of capture 
of skates and the catch rate of lines on which they were captured (catch per unit effort, 
CPUE) were both examined. 
Over the four years where catch data was recorded there was a significant decline in 
skate CPUE in the fishery. Skate presence on the line and numbers caught were found 
to increase almost exponentially with depth, with no sign of either the probability of 
capture or the numbers caught falling off at depths to 1750 m. Month had a significant 
effect of the number of skate caught, with July having the highest skate CPUE of the 
fishing season. The soak time had a significant effect on the probability of skate 
capture which increased the longer a line was left on the bottom. However, soak time 
was not found to have an effect on skate CPUE. This suggests that there are a limited 
number of skate within an area of seabed onto which the longline is dropped and once 
those skate have been caught further captures will cease until other skate move in 
from the greater surrounding area. Of the four subdivisions of the South Georgia 
fishery examined in this study, two areas, Shag Rocks and the north-west of South 
Georgia were found to have significantly higher skate presence and skate CPUE than 
the other two areas. Findings in Chapter 3 indicate that all three skate species are 
caught around the Shag Rocks area, with aggregations of mature male and female A. 
georgiana found to the north-west of Shag Rocks. Adult aggregations of male and 
female B. meridionalis to the north east of Shag Rocks and a scattering of mixed sex 
A. sp. anon to the north of Shag Rocks. However, only A. georgiana were found in 
any number to the north-west of South Georgia. 
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6.2 Scientific contribution 
Contribution to knowledge of Antarctic skate 
Until this study was started there was very little information available concerning the 
biology, the life histories or even which species were being caught in the toothfish 
longline fishery around South Georgia; and, on a wider scale, the interaction of skate 
with longline fisheries throughout the Antarctic was very poorly understood. 
Although there had been small individual studies by Agnew et al. (1999), Everson et 
al. (2000) and Endicott at al. (2000) the problems of skate identification, distribution, 
biology and capture mortality remained. 
Even such basic data as the actual catch of skate was uncertain, because of a low 
priority that had been attached to skate in catch reporting by vessels and to their study 
by scientific observers. A standard protocol for the collection of skate data, including 
a maturity scale, and a field guide to their identification, was developed during this 
study following the detailed field study of the fishery and of the Antarctic skate 
biology reported in this thesis, and this is now applied routinely by scientific 
observers in the fishery. The author also designed and implemented the first skate 
tagging program around South Georgia, which is the basis of the on-going tagging 
programme around South Georgia. 
The main obstacle to determining the skate species caught in the fishery was a 
taxonomical issue between two skate forms, one of which is the most commonly 
caught skate within the fishery. Previous studies before Endicott et al. (2000) had 
referred to both forms of this skate as A. georgiana, with the differences being 
considered as either differences between juvenile and adult forms or just simply 
natural variation within the species. 
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The findings reported here support the hypothesis that the alternate form of the skate 
was indeed a separate species, distinct from the species already described as A. 
georgiana. The findings also provide the first detailed analysis of deepwater skate 
abundance, distribution and biology at South Georgia, and are a significant addition to 
the global literature on Antarctic skate biology and ecology. 
Contribution to the conservation of skate 
A major contribution of this study has been the understanding of the relationship 
between the fishery, skate catches and skate discard mortality. The finding from this 
study shows that where ever longlining has been undertaken around South Georgia 
there have always been some skate by-catch taken. Unfortunately with the current 
trend of fishing moving into deeper waters (Figure 6-1) together with changes from 
more traditional fishing techniques to autoline vessels where squid type baits are used, 
there is a likelihood of increasing skate captures. 
 
 
Figure 6-1: Average longline fishing depths by area around South Georgia from 2001 
to 2006; Egeorgia, east South Georgia; Nwgeorgia, north-west South Georgia; 
Sgeorgia, south South Georgia; Shag, Shag Rocks. (Source: CCAMLR Haul by haul 
C2 data) 
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There are two possible types of mitigation measures that could be employed within 
any toothfish longline fishery, those measures that aim to reduce skate captures within 
the fishery and measures which are aimed at increasing the chances of survival of the 
skate that have been caught. Potential solutions in both categories are suggested by 
the results of this study. 
Within the toothfish longline fishery around South Georgia, it is the author’s opinion 
that both types of mitigation measures should be employed wherever possible so as to 
maximise the chances of skate survival while having the minimum impact on the 
fishery itself. 
From the relationship of skate and toothfish capture with depth (Chapter 5 and Figure 
6-2), it is clear that there should be an easy solution to the problem. Skate (mainly A. 
sp. anon) are increasingly abundant at deeper depths, and toothfish less abundant. At 
the same time discard mortality increases rapidly for skate caught at greater depths, as 
Chapter 4 showed. Restriction of fishing by depth, therefore, could significantly 
reduce skate captures and the skate mortality associated with capture. 
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Figure 6-2: Average CPUE (numbers/1000 hooks) for skate and toothfish over the 
four years of the study, together with average toothfish size (kg) by depth band (m). 
Skate CPUE from observer data, toothfish data from vessel haul by haul reports 
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As noted earlier in Chapter 5, the high 2001 skate catch rates seen at depth in Figure 
6-2 should be viewed with caution.  This was the first year of fleet wide data 
collection by observers, and the observer data may therefore not be as reliable as for 
later years. 2001 was also the year that GSGSSI brought in individual quotas for each 
fishing vessel; before this time vessels competed to catch as much as they could 
before a single South Georgia quota was reached. This change in fishing strategies 
may have caused the higher skate CPUE observed in 2001. It should also be noted 
that there was a further change in management, in 2004, when setting lines shallower 
than 500m was prohibited. This was to reduce fishing pressure on juvenile toothfish, 
and naturally caused an increase in the mean depth of fishing (Table 6-1 and Figure 5-
18). Note that in the model described in Chapter 5 the effort was not redistributed to 
depths less than 500m for any year, to reflect this later management change.  
The simple model used in Chapter 5 examining the possible effects of a fishing depth 
restriction (Chapter 5, Table 5-24), suggested that there is sufficient merit in the 
findings of this thesis to propose that a depth restriction should be considered. For 
example restricting fishing depth to 1400 m would effectively stop the capture of a 
large proportion of the mature male and female A. sp. anon (Chapter 3, Figures 3-17 
and 3-18) currently caught within the fishery. 
An example of a depth restriction possibly impacting on skate captures around South 
 
 Georgia is the restriction on vessels to prevent fishing in waters less than 500 m deep, 
 
 which was implemented in 2004 to protect the young toothfish stock and nursery 
 
 grounds. This constraint on fishing has not only protected the toothfish stock for 
 
 future generations but will also have effectively protected much of the A. Georgiana 
 
population around South Georgia. Findings from this study clearly show that although 
A. georgiana is found down at depths of 800m, the majority of the population, and 
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most importantly the majority of breeding animals, are found in waters less than 500m 
deep (Chapter 3, Figures 3-20 and 3-21). Unfortunately sufficient data is not currently 
available to quantify these savings  
One difficulty that might be experienced with this approach is the rationale behind the 
fishing strategy employed by the longline fishermen. Logic would dictate that the 
fishermen would be trying to optimise toothfish CPUE to keep operating costs low 
and profits high. The continued attraction of deep water fishing is explained by the 
higher prices achieved for large fish, which are suitable for the lucrative USA market, 
as against smaller fish which, until very recently, commanded lower prices on the 
Japanese market. Toothfish prices at the time of writing this thesis have changed 
considerably since this study started, with the prices paid for large fish falling and the 
prices for smaller fish rising, and this may drive the fishery into shallower water with 
positive results for skate. 
A depth restriction would work by avoiding areas of high skate catch. Similar 
mechanisms may operate spatially as well as bathymetrically. A study by Agnew et 
al. (2007) suggested that an area lying between the east of Shag Rocks and the west of 
South Georgia (known as the ‘Gully’) could be a possible area of significant 
importance to skate, for feeding or breeding or as a nursery area. This study, however, 
found that for A. sp. anon, the only identifiable areas of breeding and oviparity were 
in a localised area due east of South Georgia and in a less well defined area due east 
of Shag Rocks (Chapter 3 Figure 3-16). A discernable area of aggregation was seen 
for A. georgiana to the north-west of Shag Rocks (Chapter 3, Figure 3-19), while a 
much less defined area for B. meridionalis was found due east of Shag Rocks 
(Chapter 3, Figure 3-22). Thus the scope for area-based management (such as in 
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Marine Protected Areas, MPAs) to mitigate skate by-catch appears less than the scope 
for depth-based management. 
This study has found evidence which suggests that female A. sp. anon migrate from 
deeper water into the fishing area during July, and furthermore toothfish catches are 
lowest in July during the toothfish spawning season. It might be expected, therefore, 
that closing the fishery in July would have positive impacts with few negative impacts 
on the fishery. However, a ban on fishing during July would be unlikely to be 
acceptable, as the fishing season is very short. However, it might be worth while 
considering a ban on specific areas, such as the area identified for A. sp. anon due east 
of South Georgia, at the time when breeding and oviparity occurs. Localised area bans 
of short duration during the fishing season would have a much lower impact on the 
toothfish fishery than blanket area bans. 
Another factor that became extremely prominent during the course of the study was 
the effect of bait type on the capture of both skate and toothfish, with squid type baits 
found to be the most attractive to skate but least attractive to toothfish. If it was 
possible to remove squid bait type from the fishery, it would be reasonable to expect a 
significant reduction in the number of skate caught within the fishery. This may prove 
to be difficult to implement in the short term, due to the increased number of 
autoliners fishing around South Georgia and their preference to use squid for auto-
baiting at this time. However, it may be possible to replace natural squid baits with 
products such as Norbait (manufactured bait made from restructured fish waste with a 
gelling agent, binder, luring extracts and pheromones). It is reported that bait of this 
type is beneficial because there is no waste and it delivers lower preparation times, 
reduced bait usage, a higher automatic baiting frequency with more bait being 
delivered to the target, less storage space and higher associated target catch rates 
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(Norbait DA). It should be possible to conduct studies to examine the effectiveness of 
a product such as Norbait on toothfish and by-catch capture rates. Should these prove 
favourable it would be reasonable to remove squid bait completely from the fishery. 
The length of time a longline is on the sea bed was also observed to have a significant 
impact on the presence of skate, with the result that the longer time the line is set the 
higher the probability of skate capture. For toothfish there is an optimum time period 
for a longline to be set, with peak toothfish CPUE occurring in the period between 24 
and 26 hours after setting (Appendix B, Figure B-2). Most fishers aim for a 24-hour 
setting and retrieval cycle but there are vessels which set many more lines than it is 
possible to retrieve within a 24-hour period (Chapter 5, Figure 5-17). As most fishers 
aim for a 24-hour cycle it might be possible to make a 24-hour cycle mandatory with 
exceptions allowed for difficult weather conditions and the avoidance of interactions 
with cetaceans (for which one of the most effective mitigation measures is to tie off 
the lines and leave the area for a day or so). 
Although an experiment on skate survival was undertaken during this study, where a 
relationship of increasing mortality with increased depth of capture was established, 
there is very little reliable data available of deep water skate surviving capture and 
release, even though there have been tagging programs running for some time around 
South Georgia and in the Ross Sea. 
It is necessary to examine all reasonable mitigation measures which could improve 
the chances of a skate surviving post-capture and release. This study has highlighted 
several factors which could improve skate survival chances. The injuries suffered by 
the skate during line recovery often result from the twisting and entanglement of the 
snood with the main line, which is caused by fast hauling , bad weather conditions or 
mammal interactions. This wrapping of the snood restricts the line from swivelling 
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around with the skate, causing the hook (normally in the jaw or throat) to tear and 
smash the hard and soft tissues of the jaw, mouthparts and throat region. These 
injuries could be prevented in many cases by a second swivel at the hook end of the 
snood (Figure 6-3). This would allow the skate to rotate freely, independent of the 
snood, reducing the severity of the injuries to the skate and improving the possibility 
of a successful recovery after release. This minor modification to the fishing gear 
would have a relatively low fixed cost for the fishers and could be easily 
implemented, as most vessels construct fishing lines while sailing to the fishing 
grounds and the fishing lines are continually maintained throughout the fishing 
season. 
During the survival experiment (Chapter 4), all skate which were part of this 
experiment were landed and had the hook and line removed before being placed in a 
survival tank and those skate which survived were subsequently released. It was the 
author’s decision that in all cases the hooks would be removed because this would 
increase the chances of the skate’s survival as the presence of a hook and line could 
restrict the skate’s capacity to feed and reduce the chances of the wounds healing. 
Recent protocol suggestions by Mormede (2008) included a proposal that skate for 
tagging programs should be landed so that the hook and line could be removed safely, 
this requirement has since become mandatory in tagging programs in sub-areas 88.1 
and 88.2 (CCAMLR, 2007b). The retention of a hook does not improve the survival 
chances of a discarded skate, that factor together with the small numbers of skate 
caught on each line, suggests that the captured skate should be landed and the hook 
removed before returning the fish, with due care, to the water. It is the author’s 
opinion that, as a serious contribution toward the survival of these skate, this should 
become a mandatory requirement. 
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Figure 6-3: A proposed snood modification to longlines used in the toothfish longline 
fishery around South Georgia showing an additional swivel at the hook end of the 
snood 
6.3 Future research 
This study has raised more questions than it has answered, so further research and 
more data will be necessary to answer the new questions. It is essential that the 
persons entrusted with the collection and recording of these data are adequately 
trained and motivated to reliably obtain precise data using a standardised 
methodology for data collection that is robust and easy to understand and apply. The 
author’s personal experience suggests that it would be very difficult to carry out the 
full work load of a scientific observer and collect and collate the data needed to 
further this research. 
More biological data are needed for all of the three species of skate, to support (or 
otherwise) the findings of this study, to clarify the species status of A. sp. anon, and 
  
 256 
the South Georgia and Ross Sea A. georgiana and to further develop aging methods to 
allow for a more accurate understanding of the life cycle of these little known skate. 
The continuing skate tagging program should return not only the details of capture 
and basic morphological data but also an accurate assessment of the condition of the 
released skate which should be chemically marked in support of growth and aging 
research. It would help if blood and tissue samples could be taken from mature skate, 
particularly those which are judged to be in breeding condition, in order to determine 
their maturity stage. This would help establish the location of areas of breeding and 
oviparity without having to kill the skate. The samples could also be used to identify 
any differences within each species which could influence their spatial distribution or 
the timing of their breeding seasons. 
The use of reconstituted baits (e.g. Norbait) on autoliners should be investigated as 
this offers the possibility of selectively targeting toothfish while discouraging the 
various by-catch species, including skate. These baits are also claimed to be bird 
friendly. Trials using these baits would have to be done in conjunction with a vessel’s 
owners and crew and the suppliers of the autolining equipment and the baits. The 
experiment described in Chapter 4 suggests that such cooperation is possible. 
There is a distinct possibility that such baits are already in use in the fishery which, in 
the light of their claimed advantages over natural baits, throws open a whole new 
dimension on the question of the impact of toothfish longlining on the associated 
benthos. 
All of these investigations, together with further survival studies (as described in 
Chapter 4), should be undertaken to expand on this study’s findings and provide 
supporting data for use in the future management of the fishery. 
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Appendix A 
Personal communication 
Unpublished results of skate survivorship reported by V. Laptikhovsky, from trawling 
undertaken in the Falkland Island fisheries: 
 
• 87% survivorship if placed in tank within 1 hour of landing on deck 
• 42% survivorship for skate placed in tank between 1 and 2 hours after landing 
• 14% survivorship for skate placed in tank after 2 hours on deck. 
  
 274 
Appendix B 
Shag Rocks 
Table B-1: Initial generalised linear model results of the causal effect of Year, Depth 
zone, Month, Bait species, Soak time and Nationality on skate CPUE for the Shag 
Rocks area of South Georgia for 2001–2004 
 
df Explained 
deviance 
Residual 
df 
Residual 
deviance F value Pr (F) 
Null   987 944   
Year 3 46.1 984 898 21.58 0.000 
Depth zone 5 74.3 979 823 20.86 0.000 
Month 3 6.7 976 817 3.16 0.024 
Bait species 4 60.1 972 756 21.08 0.000 
Soak time 1 2.6 971 754 3.72 0.054 
Nationality 8 67.8 963 686 11.89 0.000 
 
Table B-2: Results of a Tukey method of multiple comparisons, showing the 
significance of individual subsets within the variable Bait types for causal influence 
on skate CPUE for the Shag Rocks area of South Georgia for 2001–2004 
Bait types Estimate Std error 
Lower 
bound 
Upper 
bound Significance 
CHP–CHP/SQQ –0.3360 0.1460 –0.735 0.0629  
CHP–MAX/SQQ –0.3870 0.1070 –0.678 –0.0960 **** 
CHP–MAX –0.4070 0.1020 –0.686 –0.1280 **** 
CHP–SQQ –1.0200 0.1130 –1.330 –0.7100 **** 
CHP/SQQ–MAX/SQQ –0.0510 0.1290 –0.403 0.3010  
CHP/SQQ–MAX –0.0712 0.1250 –0.413 0.2710  
CHP/SQQ–SQQ –0.6840 0.1350 –1.050 –0.3160 **** 
MAX/SQQ–MAX –0.0202 0.0754 –0.226 0.1860  
MAX/SQQ–SQQ –0.6330 0.0903 –0.879 –0.3860 **** 
MAX–SQQ –0.6130 0.0850 –0.845 –0.3800 **** 
Note: Five levels of bait: South American pilchard (CHP); mackerel (MAX); squid (SQQ); CHP/SQQ 
mix; MAX/SQQ mix. Where both upper and lower bounds are > 0 or < 0, this indicates significant 
difference: > 0 = significantly higher; < 0 = significantly lower. Where one bound is negative and the 
other positive, this indicates no significant difference between subsets 
 
  
 275 
 
East of South Georgia 
Table B-3: Generalised linear model results of the causal effect of Year, Depth zone, 
Month, Bait species, Soak time and Nationality on skate CPUE east of South Georgia 
for 2001–2004 
 df 
Explained 
Deviance Residual df Residual deviance F value Pr (F) 
Null   817 694   
Year 3 25.9 814 668 13.06 0.000 
Depth zone 5 30.9 809 637 9.33 0.000 
Month 3 10.3 806 626 5.21 0.001 
Bait species 5 62.3 801 564 18.81 0.000 
Soak time  1 0.6 800 564 0.95 0.329 
Nationality 7 38.6 793 525 8.32 0.000 
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Figure B-1: Results of GAM/GLM model examining the causal effect on skate 
capture within the toothfish longline fishery in the east of South Georgia during 2001–
2004, where skate CPUE is the dependent variable and Soak time, Year, Month, 
Depth zone, Bait species and Nationality are independent variables 
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Table B-4: Summary by Year, Depth zone and Nationality of observed longlines set 
in the east of South Georgia during 2001–2004 
Year Nationality 
Depth band (m) 
Totals 500–750 750–1000 1000–1250 1250–1500 1500–1750 1750–2000 
2001 Chile 0 0 0 0 0 0 0 
 Korea 1 4 12 21 14 14 66 
 New Zealand 0 0 0 0 0 0 0 
 Russia 0 0 1 1 0 0 2 
 South Africa 0 0 0 0 0 0 0 
 Spain 0 2 2 16 1 0 21 
 UK 0 0 2 15 2 0 19 
 Uruguay 0 0 0 0 0 0 0 
Totals 1 6 17 53 17 14 108 
         
2002 Chile 0 1 17 25 8 1 52 
 Korea 0 5 12 5 4 1 27 
 New Zealand 0 0 0 0 0 0 0 
 Russia 0 0 0 5 3 0 8 
 South Africa 0 0 0 8 3 0 11 
 Spain 0 0 1 0 0 0 1 
 UK 0 0 2 4 2 0 8 
 Uruguay 2 4 9 10 1 0 26 
Totals 2 10 41 57 21 2 133 
         
2003 Chile 0 8 24 69 22 0 123 
 Korea 1 6 13 34 17 1 72 
 New Zealand 0 0 1 7 3 0 11 
 Russia 0 0 7 64 28 0 99 
 South Africa 1 0 0 11 3 0 15 
 Spain 0 1 1 3 3 1 9 
 UK 0 0 5 1 6 0 12 
 Uruguay 0 0 0 0 0 0 0 
Totals 2 15 51 189 82 2 341 
         
2004 Chile 0 0 8 30 4 2 44 
 Korea 0 0 13 26 46 18 103 
 New Zealand 0 0 0 0 0 0 0 
 Russia 0 0 0 0 0 0 0 
 South Africa 0 0 0 0 0 0 0 
 Spain 0 0 0 2 0 0 2 
 UK 0 3 4 2 1 0 10 
 Uruguay 0 0 0 1 0 0 1 
Totals 0 3 25 61 51 20 160 
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South of South Georgia 
Table B-5: Initial generalised linear model examining the causal effect of Year, 
Depth zone, Month, Bait species, Nationality and Soak time on skate CPUE for the 
south of South Georgia for 2001–2004 
 
df 
Explained 
Deviance Residual df 
Residual 
deviance 
F value Pr (F) 
Null   418 306   
Month 3 10.4 415 296 6.01 0.001 
Nationality 4 24.9 411 271 10.77 0.000 
Soak time  1 0.7 410 270 1.23 0.266 
Depth zone 5 29.7 405 240 10.28 0.000 
Bait species 4 3.1 401 237 1.34 0.252 
Year 3 6.9 398 230 4.01 0.008 
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Table B-6: Summary by Year, Depth zone and Nationality of observed longlines set 
in the south of South Georgia during 2001–2004 
Year Nationality Depth zone (m) Totals 
500–750 750–1000 1000–1250 1250–1500 1500–1750 1750–2000 
2001 Chile 0 0 0 0 0 0 0 
 New Zealand 0 0 0 0 0 0 0 
 Spain 0 4 4 6 2 0 16 
 
United 
Kingdom 0 0 0 1 0 0 1 
 Uruguay 0 0 0 0 0 0 0 
Totals 0 4 4 7 2 0 17 
         
2002 Chile 0 2 8 28 4 0 42 
 New Zealand 0 0 0 0 0 0 0 
 Spain 2 9 5 11 2 0 29 
 
United 
Kingdom 9 8 5 15 9 0 46 
 Uruguay 0 1 1 3 0 0 5 
Totals 11 20 19 57 15 0 122 
         
2003 Chile 0 1 18 43 6 0 68 
 New Zealand 0 5 28 38 4 0 75 
 Spain 8 4 11 13 6 0 42 
 
United 
Kingdom 0 0 3 0 0 0 3 
 Uruguay 0 0 0 0 0 0 0 
Totals 8 10 60 94 16 0 188 
         
2004 Chile 0 0 10 11 3 0 24 
 New Zealand 0 0 0 0 0 0 0 
 Spain 0 0 5 10 4 1 20 
 
United 
Kingdom 0 0 1 6 5 7 19 
 Uruguay 0 1 6 19 3 0 29 
Totals 0 1 22 46 15 8 92 
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Toothfish 
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Figure B-2: A GAM plot examining the effect of splined soak time on toothfish 
CPUE (taken from a GAM model examining the effect of the variables Year, Depth 
zone, Month, Soak time, Area, Bait species and Nationality on the dependent variable 
CPUE) 
  
 281 
Table B-7: Results of a Tukey method of multiple comparisons analysis, examining 
the individual effect of bait type on toothfish CPUE in the toothfish longline fishery 
around South Georgia during 2001–2004 
 
 
Bait comparisons Estimate 
Std 
error 
Lower 
bound 
Upper 
bound 
Significa
nce 
CHP–CHP/MAX 0.1730 0.0765 –0.0455 0.3910  
CHP–CHP/SQQ 0.1260 0.0764 –0.0922 0.3430  
CHP–MAX/SQQ 0.5750 0.0489 0.4360 0.7150 **** 
CHP–MAX 0.0536 0.0432 –0.0695 0.1770  
CHP–SQQ 0.7400 0.0545 0.5850 0.8950 **** 
CHP/MAX–CHP/SQQ –0.0470 0.0927 –0.3110 0.2170  
CHP/MAX–MAX/SQQ 0.4030 0.0719 0.1980 0.6080 **** 
CHP/MAX–MAX –0.1190 0.0681 –0.3130 0.0752  
CHP/MAX–SQQ 0.5670 0.0758 0.3510 0.7830 **** 
CHP/SQQ–MAX/SQQ 0.4500 0.0717 0.2450 0.6540 **** 
CHP/SQQ–MAX –0.0719 0.0680 –0.2660 0.1220  
CHP/SQQ–SQQ 0.6140 0.0756 0.3990 0.8300 **** 
MAX/SQQ–MAX –0.5220 0.0344 –0.6200 –0.4240 **** 
MAX/SQQ–SQQ 0.1650 0.0478 0.0284 0.3010 **** 
MAX–SQQ 0.6860 0.0419 0.5670 0.8060 **** 
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Table B-8: Summary by nationality of bait types used in the Shag Rocks area of South Georgia during 2001–2004 (CHP, South American 
pilchard; MAX, mackerel; SQQ, squid). Percentages are the per cent use of different bait types by each country 
Nationality CHP %CHP 
CHP/S
QQ 
%CHP/S
QQ 
MAX/S
QQ 
%MAX/S
QQ MAX %MAX SQQ %SQQ Total lines set 
% Mixed with 
squid bait 
Chile 0 0% 0 0% 0 0% 253 100% 0 0% 253 0% 
Japan 9 25% 0 0% 19 53% 8 22% 0 0% 36 53% 
Korea 0 0% 0 0% 64 52% 0 0% 59 48% 123 100% 
Russia 8 29% 0 0% 13 46% 7 25% 0 0% 28 46% 
South Africa 0 0% 0 0% 113 98% 2 2% 0 0% 115 98% 
Spain 0 0% 0 0% 4 12% 29 88% 0 0% 33 12% 
Ukraine 0 0% 0 0% 0 0% 0 0% 39 100% 39 100% 
UK 92 30% 66 22% 18 6% 46 15% 83 27% 305 55% 
Uruguay 0 0% 0 0% 34 61% 22 39% 0 0% 56 61% 
Totals 109  66  265  367  181  988  
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Table B-9: Summary of bait types used per line by the fishing fleet in the east of 
South Georgia during the period 2001–2004 (MAX, mackerel; SQQ, squid). 
Percentages are the per cent use of different bait types by each country 
 
Nationality 
MAX/
SQQ 
% 
MAX/
SQQ MAX % MAX SQQ % SQQ 
% SQQ 
mix 
Chile 0 0% 219 100% 0 0% 0% 
Korea 202 75% 1 0% 65 24% 100% 
New Zealand 11 100% 0 0% 0 0% 100% 
Russia 10 9% 10 9% 89 82% 91% 
South Africa 26 100% 0 0% 0 0% 100% 
Spain 0 0% 33 100% 0 0% 0% 
UK 4 8% 36 73% 9 18% 27% 
Uruguay 18 67% 9 33% 0 0% 67% 
Totals 271  308  163   
 
 
  
